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& 1 S I M C I
buchenne m u sc u la r  d y s tro p h y  (DMD) i s  a  p r o g r e s s iv e  m usc le  d i s e a s e  
w hich i s  e v e n tu a l ly  f a t a l  due u s u a l ly  to  r e s p i r a t o r y  and c a r d ia c  
f a i l u r e .  A lthough  EMD i s  known to  be an i n h e r i t e d ,  X - l in k e d , d i s e a s e  
th e  n a tu r e  o f  th e  g e n e t i c  d e f e c t  re m a in s  e l u s i v e .  B io c h em ica l and 
h i s t o l o g i c a l  e v id e n c e  p o in t s  to  a  l e s i o n  in  th e  c e l l  membranes o f  
m u sc le  and p o s s ib ly  o t h e r  c e l l  ty p e s  a lth o u g h  th e  n a tu r e  o f  t h i s  
l e s i o n  h a s  n o t  been  e lu c i d a t e d .  One o f  th e  many t h e o r i e s  i s  t h a t  
membrane l i p i d  p e r o x id a t io n  c a u se s  th e  membrane damage and c o n se q u e n t 
n e c r o s i s  se e n  in  DMD. The aim  o f  t h i s  work was to  s e a rc h  f o r  e v id e n c e  
r e l a t i n g  to  t h i s  th e o ry  u s in g  c u l tu r e d  s k in  f i b r o b l a s t s  (CSFs) and 
b lo o d  p lasm a .
I t  was d e m o n s tra te d  t h a t  w hole c u l t u r e s  o f  DMD CSFs, show
m ark ed ly  in c r e a s e d  MDA p r o d u c t io n  w hich d i s t i n g u i s h e d  them from  norm al 
c o n t r o l  CSFs. B oth CSFs grown i n  a  medium w i th o u t  PUFA and w ith  PÜFA 
showed t h a t  l i p i d  p e r o x id a t io n  o c c u rs  in  a  t im e -d e p e n d e n t  m anner and 
h ig h e r  l e v e l s  o f  MDA w ere  found i n  c o n t r o l  and IMD CSFs in c u b a te d  in  
PUFA. I t  was a l s o  found t h a t  washed CSFs showed a c o n s id e r a b le  
i n c r e a s e  in  MDA p r o d u c t io n  com pared w ith  unwashed o n e s . The
c o n c e n t r a t io n  o f  t e r t - b u t y l  h y d ro p e ro x id e  (TBH) w hich i s  j u s t  below  
th e  minimum to x ic  l e v e l  f o r  CSFs was d e te rm in e d  and found  to  be 
5 0 p m o l/l .
A lthough  l i p i d  p e r o x id a t io n  p ro d u c ts  (MDA and FP) w ere n o t
s i g n i f i c a n t l y  d i f f e r e n t  in  th e  washed p a r t i c u l a t e  f r a c t i o n  from  DMD 
and norm al c o n t r o l  CSFs, th e s e  p ro d u c ts  (CD, MDA and FP) w ere
s i g n i f i c a n t l y  h ig h e r  i n  t o t a l  hom ogenates from  DMD com pared w ith
-  v i i  -
no rm al c o n t r o l  CSFs s u g g e s t in g  t h a t  membrane l i p i d  p e r o x id a t io n  may 
n o t  be e n t i r e l y  m em brane-dependen t b u t  a l s o  p ro b a b ly  in v o lv e s  
c y to p la s m ic  com ponen ts. P r o te c t io n  by a  G SH -dependent c y to s o l i c  
f a c t o r  from  CSFs a g a in s t  l i p i d  p e r o x id a t io n  in  a  m odel sy s tem  was 
ex am in ed . T h is work s t r o n g ly  i n d i c a t e s  t h a t  DMD CSFs have a  b e t t e r  
p r o t e c t i o n  sy stem  th a n  norm al c o n t r o l s .
A ll  t h r e e  l i p i d  p e r o x id a t io n  p ro d u c ts  (CD, MDA and FP) w ere 
m easured  in  p lasm a and found  to  be s i g n i f i c a n t l y  in c r e a s e d  i n  DMD 
(P < 0 .0 2 ; P < 0 .01 ; P<0.001 r e s p e c t i v e ly )  com pared w ith  norm al c o n t r o l .
The s t a b i l i t y  o f  th e  p ro d u c ts  (CD, MDA and FP) i n  DMD and norm al 
c o n t r o l  p lasm a was exam ined d u r in g  s to r a g e  f o r  up t o  3 y e a r s  a t  
-2 0 ^C . T here  was a  s i g n i f i c a n t  in c r e a s e  o f  MDA and FP c o n c e n t r a t io n s  
w ith  tim e  b u t  no s i g n i f i c a n t  changes i n  CD f o r  b o th  DMD and c o n t r o l s  
w ith  tim e  o f  s to r a g e .  T h ere  was a  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
be tw een  MDA . c o n c e n t r a t io n  and age b u t  n o t  f o r  CD and FP 
c o n c e n t r a t io n s .
T o ta l  p lasm a a n t i o x id a n t  a c t i v i t y  (AGA) i s  m ark ed ly  h ig h e r  in  
DMD (76%) th a n  in  norm al c o n t r o l s  (63%) and s i g n i f i c a n t l y  d i f f e r e n t  
(P < 0 .0 0 1 ) . AGA and MDA w ere p o s i t i v e l y  s i g n i f i c a n t l y  c o r r e l a t e d  
(P < 0 .0 5 ) i n  DMD p lasm a . P lasm a v i ta m in  E c o n c e n t r a t io n  i s  
s i g n i f i c a n t l y  lo w er (P < 0 .0 0 2 ) i n  DMD th a n  in  no rm al c o n t r o l s  
(4 .14± .2 ,00  com pared to  9 .30+ .2 .45  m g / l i t r e )  b u t  n o t  s i g n i f i c a n t l y  
c o r r e l a t e d  w ith  p lasm a AGA (P > 0 .0 5 ) .  A g e n e r a l  b u t  s m a l l  d e c re a s e  in  
a lp h a - to c o p h e r o l  was se e n  in  b o th  IMD and c o n t r o l  d u r in g  s to r a g e  
(-2 0 °C ) up to  3 y e a r s .  T here  was no c o r r e l a t i o n  b e tw een  age and 
v i ta m in  E c o n c e n t r a t io n  f o r  a  g ro u p  o f  a d u l t s  (a g e s  18-35) and 
c h i l d r e n  (a g e s  3 - 1 4 ) .
L a s t ly  p lasm a t r a n s f e r r i n  c o n c e n t r a t io n  shows no s i g n i f i c a n t
-  v i i i  -
d i f f e r e n c e  betw een  DMD and norm al c o n t r o l s  (P > 0 .0 5 ) b u t  a  s i g n i f i c a n t  
i n c r e a s e  in  c a e ru lo p la s m in  was found  i n  DMD p a t i e n t s  com pared w ith  
no rm al c o n t r o l s  (P < 0 .0 0 1 ) . N e i th e r  l e v e l s  o f  t r a n s f e r r i n  n o r  
c a e ru lo p la s m in  ( i n  IMD and norm al c o n t r o l s )  w ere in f lu e n c e d  by tim e  o f  
s to r a g e  ( - 2 0 ^ 0 ) .  F u r th e r  b o th  p r o t e i n s  showed no s i g n i f i c a n t  
d i f f e r e n c e  w ith  age o f  s u b j e c t .
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1 INTRODUCTION
1.1 MUSCULAR DYSTROPHIES
Any m usc le  d i s e a s e s  in  i ^ i c h  th e r e  a r e  some p a th o l o g ic a l ,  
b io c h e m ic a l  o r  f u n c t io n a l  l e s i o n  i n  m uscle  f i b r e  o r  in  th e  
i n t e r s t i t i a l  t i s s u e  o f  v o lu n ta r y  m u s c u la tu re  a r e  g e n e r a l l y  r e c o g n iz e d  
a s  " m y o p a th ie s " . I n h e r i t e d  d i s e a s e s  o f  s k e l e t a l  m uscle  a r e  one o f  th e  
g ro u p  o f  d i s e a s e s  w hich a r e  c l a s s i f i e d  as th e  n y o p a th ie s .  I n  1850 
Aran p u b l is h e d  th e  e a r l i e s t  r e p o r t  o f  c a s e s  o f  p r o g re s s iv e  m u sc u la r  
w a s tin g  and w eak n ess . F iv e  y e a r s  l a t e r ,  Wachsmuth (1855) d e s c r ib e d  a 
l a r g e  number c a s e s  o f  p rim a ry  m u sc le  d i s e a s e s .  Then, in  1868, 
D uchenne p u b lis h e d  a  c l a s s i c a l  d e s c r i p t i o n  o f  p s e u d o h y p e r tro p h ic  
m u sc u la r  p a r a l y s i s  i n  c h i l d r e n .  W alton  and G ardner-M edw in (1981) 
c l a s s i f i e d  a l l  th o s e  m y o p a th ie s  w hich a r e  in  n a tu r e  p r im a ry , 
g e n e t i c a l l y  d e te rm in e d , p r o g r e s s iv e  and d e g e n e ra t iv e  as "m u sc u la r  
d y s t r o p h ie s " .  A l l  s e r i o u s l y  c u r t a i l  norm al a c t i v i t i e s ,  and p r e v e n t  
en jo y m en t o f  an a c t i v e  l i f e .  E v e n tu a l ly ,  th ey  c a u se  d e a th  by 
i n t e r f e r i n g  w ith  v i t a l  f u n c t io n s  such  a s  b r e a th in g ,  co ugh ing  and 
sw a llo w in g  as" w e l l  a s  a f f e c t i n g  th e  h e a r t .  S t r u c t u r a l  o r  c h e m ic a l 
f a u l t s  i n  th e  m ach inery  o f  th e  m uscle  c e l l s  d i s t u r b  m uscle  f u n c t i o n s .  
D is tu rb a n c e s  i n  th e  c h e m ica l e n v iro n m en t o r  f a i l u r e  o f  p ro p e r  c o n t r o l  
by i t s  n e rv e  may r e s u l t  i n  w eaken ing  o f  th e  m u sc le . The m ost s e r i o u s ,  
commonest and m ost i n v e s t i g a t e d  ty p e  o f  m u scu la r d y s tro p h y  i s  Duchenne 
m u sc u la r  d y s tro p h y  (DMD).
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1 .1 .1  DUCHENNE. MUSCULAR DYSTROPHY
1 .1 .1 .1  -GENETIC STATUS
DMD i s  an i n h e r i t e d  d i s e a s e  o f  th e  X - lin k e d  r e c e s s iv e  ty p e .  
Only m ales a r e  t h e r e f o r e  n o rm a lly  a f f e c t e d .  E s t im a te s  o f  i t s  
in c id e n c e  ran g e  from  13-33 p e r  1 00 ,000  l i v e  m ale b i r t h .  I t  i s  a 
p a r t i c u l a r l y  s e v e r e  form  o f  m u sc u la r  d y s tro p h y  and i t  h a s  a ls o  been  
c la im e d  to  have one o f  th e  h ig h e s t  sp o n ta n e o u s  m u ta tio n  r a t e s .  T hese  
c la im s  a r i s e  from  s e v e r a l  s tu d i e s  (R o ses  eJL â l . ,1976; Z e llw e g e r  e t  
,1980 ) w hich l i n k  th e  h ig h  m u ta tio n  r a t e  w ith  th e  h ig h  p r o p o r t io n  
o f  " s p o r a d ic "  c a s e s  o f  th e  d i s e a s e  : th e  b i r t h  o f  boys w ith  IMD in
f a m i l i e s  w ith  no p re v io u s  h i s t o r y  o f  i t  and to  th e  h ig h  p r o p o r t io n  o f
m o th e rs  o f  boys w ith  th e  d i s e a s e  who w ere n e g a t iv e  i n  v a r io u s  
b io c h e m ic a l  t e s t s  f o r  th e  c a r r i e r  s t a t e .  A lm ost a l l  m ales w ith  th e  
d i s e a s e  d i e  w ith o u t  r e p ro d u c in g  b u t th e  in c id e n c e  o f  th e  d i s e a s e  
a p p e a rs  n o t  to  be f a l l i n g .  S t a r t i n g  from  t h i s  b a s i s ,  Roses e t  a l  
(1976 ) p ro p o se d  t h a t  a  h ig h  m u ta tio n  r a t e  r e p la c e s  th e  g en es  l o s t  in  
each  g e n e r a t i o n .  C a r r i e r s  have an X X -genotype w ith  one X-chromosome 
c a r r y in g  th e  DMD g en e  a b n o rm a li ty  w h ich , b e c a u se  i t  i s  r e c e s s iv e ,  i s  
masked by no rm al f a c t o r s  on th e  o th e r  X-chrom osom e, T hus, th e  d i s e a s e  
i s  t r a n s m i t t e d  th ro u g h  fe m a le s  who a r e  u s u a l ly  a sy m p to m a tic . T here  i s
a 50% p r o b a b i l i t y  t h a t  th e  m ale o f f s p r in g  o f  a  c a r r i e r  w i l l  be
a f f l i c t e d ,  and a  50% p r o b a b i l i t y  t h a t  th e  fem ale  o f f s p r in g  w i l l  be  a  
c a r r i e r  ( Z u n d e ll  and T y le r ,  1 9 6 5 ). However, t h e r e  a r e  c a s e s  w here 
fe m a le s  show f u l l  symptoms o f  DMD. I n  th e  c a se  o f  th e  X O -genotype th e  
d i s e a s e  i s  f u l l y  m a n ife s te d  by fem ale  c a r r i e r s .  An exam ple o f  t h i s  
c o n d i t io n  i s  i n  T u r n e r 's  Syndrom e. T u r n e r 's  Syndrome g i r l s  w ith  DMD 
have been  found (W a lto n , 1956; F e r r i e r  jei. â l ,  1 9 6 5 ). F u l l  
m a n i f e s t a t i o n  w ou ld , o f  c o u r s e ,  a l s o  o c c u r  i n  hom ozygo tes, w here th e  
e x p r e s s io n  o f  th e  abno rm al gen e  c a n n o t be masked by th e  p re s e n c e  o f
. . . . .  ' i . .
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th e  norm al a l l e l e  on th e  second  X-chrom osome,
1 .1 .1 .2  CLINICAL FEATURES AND DIAGNOSTIC SIGNS
1 .1 .1 .2 .1  CLINICAL FEATURES
The c l i n i c a l  o n s e t  o f  th e  d i s e a s e  i s  i n  e a r l y  c h ild h o o d  (2 -3  
y e a r s  o ld )  b u t  i t  i s  now g e n e r a l l y  b e l ie v e d  t h a t  th e  r e a l  b io c h e m ic a l  
l e s i o n s  a p p e a r  from  b i r t h ,  and p o s s ib ly  much e a r l i e r .  The i n i t i a l  
symptoms o f  th e  d i s e a s e  a r e  d i f f i c u l t y  in  c lim b in g  s t a i r s  and r i s i n g  
from  th e  f l o o r ,  due to  w eakness w hich d e v e lo p s  f i r s t  in  th e  p ro x im a l 
m u s c u la tu re  o f  th e  p e lv ic  g i r d l e  and th e n  s p re a d s  t o  th e  s h o u ld e r  
g i r d l e .  H ie d i s e a s e  has  a  r a p id  p r o g re s s io n  d u r in g  w hich  th e  w asted  
m usc le  t i s s u e  i s  r e p la c e d  by f a t  and c o n n e c t iv e  t i s s u e  
(p s e u d o h y p e r tro p h y ) .  E v e n tu a l ly  t h i s  in v o lv e s  a l l  th e  v o lu n ta r y  
m u sc le s  a lo n g  w ith  s k e l e t a l  c h a n g e s . The u n f o r tu n a te  i n d iv id u a l  i s  
u s u a l l y  c o n fin e d  to  w h e e l - c h a ir  by th e  age o f  11 as t i ie  r e l e n t l e s s  
l o s s  o f  m usc le  f u n c t io n  c o n t in u e s .  D eath  i s  u s u a l ly  due to  c a r d ia c  
f a i l u r e  o r  r e s p i r a t o r y  i n f e c t i o n  in  th e  l a t e  t e e n s  o r  e a r l y  tw e n t i e s .  
F r e q u e n t ly  p a t i e n t s  a r e  m e n ta lly  r e t a r d e d  and t h e r e  i s  c a r d ia c  
in v o lv e m e n t.
1 .1 .1 .2 .2  PLASMA ABNORMALITIES
The m o n ito r in g  and d ia g n o s is  o f  b o th  c a r r i e r s  and p a t i e n t s  w ith  
DMD c u r r e n t l y  r e l i e s  on m easurem ent o f  th e  a c t i v i t y  o f  c e r t a i n  
m u s c l e - s p e c i f ic  enzymes in  th e  p la sm a . C r e a t in e  k in a s e  (CK) i s  th e  
enzyme m ost w id e ly  u sed  f o r  t h i s  p u rp o se  s in c e  i t  i s  th o u g h t to  be th e  
m ost s e n s i t i v e  in d ex  o f  m uscle  breakdow n, a lth o u g h  m y o g lo b in , p y ru v a te  
k in a s e ,  hem opexin , and o th e r  g l y c o l y t i c  enzym es, h av e  a l s o  been  used  
(P e n n in g to n , 1 9 8 0 ). I t  i s  g e n e r a l l y  assum ed t h a t  th e  e le v a te d  l e v e l s  
o f  enzym es i n  DMD a r e  due to  le a k a g e  th ro u g h  a  d e f e c t i v e  m uscle  
membrane (R ow land, 1 9 8 0 ). :
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1 .1 .1 .2 .3  fRSNAIAL DIAGNOSIS 
C u ltu re d  a m n io tie  c e l l s  a r e  som etim es im p o r ta n t  in  th e  p r e n a t a l
d ia g n o s is  o f  s e r io u s  X - l in k e d  d i s e a s e s  p ro v id in g  t h e r e  i s  e x p re s s io n  
o f  th e  d e f e c t i v e  g en e  i n  th e s e  c e l l s .  However, b e c a u se  a t  p r e s e n t  
th e r e  a r e  no c l e a r - c u t ,  e a s i l y  m ea su rab le  a b n o r m a l i t i e s  i n  th e s e  c e l l  
ty p e s  i n  DMD t h i s  te c h n iq u e  i s  n o t  u s e d .  N e v e r th e le s s ,  th e  
p o s s i b i l i t y  o f  p r e n a t a l  d ia g n o s is  o f  DMD h a s  im proved w ith  th e  
i n t r o d u c t i o n  o f  fo e to s c o p y  i n t o  m ed ic in e  (B e n z ie  e t  a l . .1 Q801. T his 
te c h n iq u e  has a l r e a d y  b e e n  found u s e f u l  i n  d ia g n o s is  o f  i n h e r i t e d  
a n o m a lie s  and f e to p a th o lo g ie s  ( G u s ta v i i  e t  a l ..1 Q 8 R ). T hus, f o e t a l  
b lo o d  sam p lin g  from  th e  p la c e n ta  h as  became p o s s i b l e ,  a lth o u g h  r e s u l t s  
to  d a te  f o r  CK from  M4D f o e t u s e s  a r e  e q u iv o c a l .
1 .1 .1 .3  THEQMES FOR THE PATHOGENESIS OF DMD 
S e v e ra l  t h e o r i e s  have b e e n  p ro p o sed  to  e x p la in  th e  p a th o g e n e s is
o f  DMD. T hese in c lu d e  th e  V a s c u la r  and N eu ro g en ic  T h e o r ie s ,  N e i th e r  
o f  th e s e  h a s  r e c e iv e d  e x p e r im e n ta l  s u p p o r t ,  a l th o u g h  b o th  s t im u la te d  
r e s e a r c h  t h a t  c l a r i f i e d  many " p o t e n t i a l "  p o i n t s .  A l t e r n a t i v e l y ,  th e  
p o p u la r  th e o ry  c u r r e n t l y  i s  t h a t  DMD may r e s u l t  from  some a b n o rm a lity  
o f  th e  sarco lem m a (Membrane T h eo ry ) .  T hese  t h e o r i e s  a r e  d is c u s s e d  
s e p a r a t e l y  in  th e  fo l lo w in g  s e c t i o n s .
1 .1 .1 .3 .1  THE VASCULAR, THEORY
As th e  name i m p l ie s ,  th e  V a s c u la r  th e o r y  in  a l l  i t s  form s 
p ro p o se s  an a b n o rm a li ty  o f  m uscle  v a s c u la tu r e  ( u s u a l ly  th e  
m ic r o c i r c u l a t i o n )  r e s u l t i n g  in  an i n s u f f i c i e n t  o r  i n e f f i c i e n t  b lood  j
s u p p ly .  M uscle i n ju r y  i s  u s u a l ly  a t t r i b u t e d  to  is c h e m ia .  T h a t 
in a d e q u a te  b lo o d  f lo w  m ig h t a c c o u n t f o r  th e  d e g e n e r a t io n  o f  d y s t r o p ic  
m usc le  was p ro p o sed  a s  lo n g  ago a s  1930 by K ure and O k in ad a ..’ The id e a
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h as  been  p ro p o se d  r e p e a te d ly  o v e r  th e  p a s t  c e n tu ry  by s e v e r a l  w o rk ers  
in c lu d in g  Duchenne h im s e lf  b u t  a p p a r e n t ly  was n o t  ta k e n  to o  s e r i o u s ly  
u n t i l  Demos (1961) found  slow ed  a rm -to - to n g u e  c i r c u l a t i o n  t im e s  in  
p a t i e n t s  and c a r r i e r s .  A l a t e r  s tu d y  s u g g e s te d  an a b n o rm a li ty  o f  
c a te c h o la m in e  m etab o lism  due to  d e f i c i e n t  o x id a t io n  o f  th e s e  compounds 
i n  p l a t e l e t s  (Demos, 1973) a s  w e l l  as abnorm al s e r o to n in  u p ta k e  i n  DMD 
p l a t e l e t s  (Murphy ^  a l ,  1 9 7 3 ). A ccum ula tion  o f  u n i d e n t i f i e d  
c a te c h o la m in e s  was o b se rv e d  in  d y s tro p h ic  m uscle  by f lu o r e s c e n c e  
m ic ro sco p y  (W rig h t a t  â l»  1 9 7 3 ) . The p a t t e r n s  o f  0^ t r a n s p o r t  and 
co n sum ption  w ere e x p e c te d  to  a l t e r  due to  changes i n  th e  c o m p o s itio n  
and a r c h i t e c t u r e  o f  m u sc le . A r e l a t e d  s tu d y  found s i g n i f i c a n t l y  
d e c re a s e d  in t r a m u s c u la r  0^ t e n s io n  in  DMD (Kunze and O l th o f f ,  1 9 7 0 ), 
b u t  a g a in  i t  i s  u n c le a r  how t h i s  m igh t be r e l a t e d  to  th e  v a r io u s  
a s p e c t s  o f  0^ t r a n s p o r t  and co n su m p tio n .
1 .1 .1 .3 .2  THE. NEUROGENIC THEORY
The s p in a l  c o rd  and a n t e r i o r  ho rn  c e l l s  a r e  s u g g e s te d  to  be 
in v o lv e d  in  th e  N eu ro g en ic  th e o r y .  McComas £jfc. â L  (1971) p ro p o se d  t h a t  
th e  m u sc u la r  d y s t r o p h ie s  r e s u l t  from  " s ic k  m oto r n e u ro n e s " . B ut t h i s  
th e o r y  h a s  been  c h a lle n g e d  (M ontgom ery, 1 9 7 5 ). B a lla n ty n e  and H ansen |
( 1 9 7 4 ) ,  u s in g  a  new m ethod f o r  th e  e s t im a t io n  o f  th e  number o f  m oto r 
u n i t s  i n  m u sc le , from  DMD, l im b - g i r d l e ,  f a s c io s c a p i lo h u r a e r a l  m y o to n ic  il
m u sc u la r  d y s t r o p h ie s  fo und  no l o s s  o f  m otor n e u ro n e s . 
M o to r - e n d - p la te s  and n e rv e  te r m in a ls  w ere s tu d ie d  u s in g  m o rp h em etrie  
a n a ly s i s  (W irtz  4 L . »1983) b u t  a g a in  no a b n o rm a li ty  was fo u n d . In  
c o n c lu s io n ,  th e  p r e s e n t  s t a t u s  o f  th e  n e u ro g e n ic  th e o ry  in  
p a th o g e n e s is  o f  DMD i s  u n c e r t a i n  and i s  l i k e l y  to  rem ain  so  u n t i l  more 
c o n c lu s iv e  e x p e r im e n ta l  e v id e n c e  i s  fo r th c o m in g .
41
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1 .1 .1 .3 .3  MEMBMNE.THE.QRY
I t  i s  now g e n e r a l l y  a c c e p te d  t h a t  t h e r e  i s  l i t t l e  s a t i s f a c t o r y
e v id e n c e  f o r  th e  p r e v io u s  two h y p o th e s e s . The h ig h  serum  enzyme
l e v e l s  o r ig i n a t i n g  from  m u sc le  t i s s u e s ,  and th e  g e n e r a l  im b a la n c e  o f
m e ta b o l i te s  in  c a s e s  o f  m yopathy , s u g g e s t  t h a t  t h e r e  m igh t be a
g e n e t i c a l l y  d e te rm in e d  s t r u c t u r a l  d e f e c t  in  th e  m uscle  c e l l  membranes
e x p re s s e d  as a  " l e a k " ,  A g r e a t  d e a l  o f  e v id e n c e  to  s u p p o r t  th e
membrane th e o ry  h a s  b een  p u b l is h e d  on m uscle  f i b e r s / c e l l s  a s  w e l l  as
n o n -m u sc le  c e l l s  such  a s  r e d  b lo o d  c e l l s  (BBC), ly m p h o c y te s , a d ip o s e
t i s s u e  and c u l tu r e d  s k in  f i b r o b l a s t s  (CSFs) w hich s u g g e s t  a
g e n e r a l i s e d  membrane d e f e c t  in  DMD. T h is e v id e n c e  has b e e n  th e
s u b je c t  o f  two co m p reh en siv e  re v ie w s  (R ow land, 1980; Lucy, 1 9 8 0 ) . A
b r i e f  re v ie w  o f  th o s e  s tu d i e s  w hich s u p p o r t  th e  g e n e r a l i s e d  membrane
th e o r y  w i l l  be d i s c u s s e d  i n  th e  fo llo w in g  s e c t i o n s .  I n  a d d i t i o n ,  th e
Ca th e o r y  as an e x te n s io n  o f  th e  membrane th e o ry  i s  c u r r e n t l y  th e
m ost p o p u la r  one: s e v e r a l  i n v e s t i g a t o r s  b e l ie v e  t h a t  an  abno rm al
2+i n f l u x  o f  Ca i s  a n o th e r  m a n i f e s ta t io n  o f  abnorm al p e r m e a b i l i ty  o r  
p h y s ic a l  i n t e r r u p t i o n  o f  th e  c e l l  s u r f a c e  membrane in  DMD ( P u b l ic o v e r  
Ê i. â l , .  ,1 9 7 8 ) . However, t h i s - n o t i o n  seems to  h a v e -b e e n  s u g g e s te d  f i r s t  
by C u lle n  and F u l th o r p e  (1975) i n  t h e i r  a t te m p t  to  e x p la in  why 
" h y p e r c o n tr a c te d "  o r  "opaque" f i b r e s  a r e  s e e n  so  f r e q u e n t ly  i n  DMD 
b io p s i e s  (B o x le r  and J e ru s a le m , 1 9 7 8 ), They s u g g e s te d  t h a t  a r e a s  o f  
abnorm al p e r m e a b i l i ty  m ig h t a llo w  i n f l u x  o f  Ca^ **" in  am ounts s u f f i c i e n t  
to  c a u se  e x c e s s iv e  c o n t r a c t i o n  o f  some s a rc o m e re s . T h is  in  tu r n  w ould 
e x c e s s iv e ly  s t r e t c h  a d ja c e n t  sa rc o m e re s  and some o f  th e  s t r e t c h e d  
m y o fila m e n ts  would be d i s r u p t e d ,  i n i t i a t i n g  n e c r o s i s .  They s u g g e s te d  
t h a t  t h i s  m ig h t be r e p a i r e d  a t  f i r s t ,  b u t  s o o n e r  o r  l a t e r  th e  
r e p a r a t i v e  and r e g e n e r a t iv e  p r o c e s s e s  would f a i l  to  keep  p a c e , and th e  
m u sc le  would d e g e n e r a te .  Wrogemann and Pena (1976) p ro p o se d  a n o th e r
m em branes. F i n a l l y ,  o t h e r s  have p o in te d  o u t  t h a t  an  abnorm al i n f l u x  
Ca^* m ig h t s t i m u la te  C a ^ ^ -a c t iv a te d  p r o te a s e s  to  f o s t e r  th e  p ro c e s s  o f  
m y o f i b r i l l a r  d e g e n e r a t io n  (P e n n in g to n , 1977) and t h a t  th e  s u r f a c e  
membrane i t s e l f  i s  in v o lv e d  in  th e  r e g u l a t i o n  o f  i n t r a c e l l u l a r  Ca^* 
c o n te n t  (S u la k h e  and S t .L o u i s ,  1 9 7 6 ).
1 .1 .1 .3 .3 .1  MUSCLE AB N O R M L I I I E B
1 .1 .1 .3 .3 .1 .1  H ISTO LO G IC A L CHANGES
1 .1 .1 .3 .3 .1 .1 .1  LIGHT MICROSCOPIC STUDIES
L ig h t  m ic ro sco p y  c a n  be used  to  o b se rv e  m ost p a th o lo g ic a l
changes a s s o c ia te d  w ith  DMD (Adams, 1 9 8 1 ). Among them  a r e  n e c r o s i s ,
p h a g o c y to s is ,  f i b r e  e n la rg e m e n t, b ra n c h in g  o f  th e  f i b e r s ,  e n la rg e m e n t 
o f  sa rco lem m al n u c l e i ,  f a t  c e l l  i n f i l t r a t i o n  and in c r e a s e d  c o n n e c t iv e  
t i s s u e  m ass . The s ta g e  o f  d i s e a s e  a t  w hich th e  b io p s y , f o r  l i g h t
m ic ro sc o p ic  e x a m in a tio n , i s  ta k e n  i s  im p o r ta n t .  Each s ta g e  g iv e s  
d i f f e r e n t  o b s e r v a t io n s .  Two s ta g e s  o f  th e  d i s e a s e  w ere  s tu d ie d  by 
Hudgson (1 9 7 1 ):  ( i )  f i b e r s  from  advanced  c a s e s  o f  DMD and ( i i )  f i b e r s
w hich had r e c e n t l y  un d erg o n e  n e c r o s i s .  T hese s ta g e s  a re
u l t r a s t r u c t u r a l l y  d i f f e r e n t  from  one a n o th e r .  An am orphous m ass o f  
f i b e r s  and a  few m ito c h o n d r ia  w i th in  th e  m ass o f  fu se d  f i l a m e n ts  w ere  
o b se rv e d  in  th e  f i r s t  ty p e .  Changes w ere more e a s i l y  r e c o g n iz a b le .
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24-k in d  o f  Ca - r e l a t e d  th e o r y  o f  m uscle  c e l l  n e c r o s i s .  They a ls o
assum ed t h a t  th e  i n f l u x  o f  Ca^* i s  e x c e s s iv e  i n  d y s tr o p h ic  f i b r e s .  |
2 +  IThe r e s u l t i n g  in c r e a s e d  i n t r a c e l l u l a r  Ca c o n te n t  would s t i m u la t e  4
2 *  ]Ca u p ta k e  by m ito c h o n d r ia .  I f  t h i s  u n c o n tr o l le d  u p t a k e / in f lu x  o f  i
Ca^* o c c u r s ,  m ito c h o n d r ia  w i l l  s e q u e s te r  in c r e a s e d  am ounts o f  Ca^* ,
th e re b y  d i v e r t i n g  th e  e l e c t r o n  t r a n s p o r t  c h a in  from  ATP f o rm a tio n  to  ijCa ^  t r a n s p o r t .  As a  r e s u l t ,  l e s s  en e rg y  i s  a v a i l a b l e  f o r  th e  I
2+ :iA T P -dependen t, Ca -pum ping  mechanism in  th e  SR and p lasm a m em brane, JIa s  w e l l  a s  f o r  a n o th e r  e s s e n t i a l  c e l l  f u n c t io n s ,  p e rh a p s  i n c lu d in g  w|
1th o s e  r e s p o n s ib le  f o r  m a in ta in in g  th e  i n t e g r i t y  o f  th e  c e l l  s u r f a c e  |
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show ing w id e s p re a d  d i l a t i o n  o f  SR, a  g re y  g r a n u la r  sa rc o p la sm  and some 
r e g e n e r a t iv e  a c t i v i t y ,  in  n e c r o t ic  f i b r e s .  These s tu d i e s  w ere 
c o n tin u e d  by E ngel (1977) who s u g g e s te d  t h a t  th e  h i s t o p a th o l o g ic a l  
ch an g es in  EMD w ere c h a r a c te r iz e d  by th e  f e a t u r e s  o f  o th e r  
m y o p a th ie s . I n  a d d i t io n ,  a  few g ro u p s  have u sed  th e  d y e , p ro c io n  
y e llo w  as an e x t r a c e l l u l a r  m ark er to  lo o k  f o r  m uscle  c e l l s  w ith  
damaged membranes (B ra d le y  and F u l th o r p e ,  1 9 7 8 ). The p e rm e a tio n  o f  
p ro c io n  y e llo w  was o b se rv e d  a t  th e  l i g h t  m ic ro sc o p ic  l e v e l  in  
d y s t r o p h ic  m u sc le s  b i o p s i e s ,  b u t  n o t  in  c o n t r o l s .
1 . 1 . 1 . 3 . 3 . 1 . 1 . 2  ELECTRON MICROSCOPIC STUDIES
An a t te m p t  to  c o r r e l a t e  th e  a l t e r a t i o n s  in  serum  CK a c t i v i t y  
w ith  th e  p rim a ry  l e s i o n s  w hich i n i t i a t e d  f i b r e  breakdow n in  DMD, was 
made u s in g  e l e c t r o n  m ic ro sco p y  (EM) (M ilh o ra t  e t  a l . .1 9 6 6 ) . I t  was 
co n c lu d e d  t h a t  f i b r e  d e g e n e r a t io n  i s  d iv id e d  i n t o  th r e e  s e q u e n t i a l  
p h a se s  b a sed  on th e  c o n d i t io n  o f  f i b r e s .  C u lle n  and F u lth o rp e  (1975) 
l a t e r  p ro p o se d  f i v e  s ta g e s  in v o lv e d  i n  f i b r e  breakdow n: ( i )  f i b e r s
a p p e a r  n o rm a l, b u t  l e s s  m ito c h o n d r ia  and m ore SR th a n  norm al f i b r e s ,  
( i i )  f i b r e s  w ere o v e r s t r e t c h e d ,  ( i i i )  l o c a l i z e d  c o n t r a c t io n  has 
c o n tin u e d  to  th e  e x te n t  t h a t  th e  s t r e t c h e d  a r e a  be tw een  th e  clum ped 
m y o f ib r i l s  a r e  p a r t l y  empty o f  c o n t r a c t i l e  m a t e r i a l ,  ( i v j  th e  clum ps 
o f  c o n t r a c t i l e  m a te r i a l  i s  f u r t h e r  condensed  and i t  o u t l i n e s  i s  more 
ro u n d e d , (v )  th e  f i b r e s ,  which a r e  p r o g r e s s iv e ly  in v ad e d  by 
m arco p h ag es , now c o n s i s t  o n ly  o f  s t r u c t u r e l e s s  cy to p la sm  c o n ta in in g  no 
c o n t r a c t i l e  m a t e r i a l .  O c c a s io n a l ly  r e g e n e r a t in g  f i b r e s  a r e  found in  
th e  v i c i n i t y  o f  th e s e  f i n a l  re m n a n ts . I n  a n o th e r  s tu d y  f o c a l  d e f e c t s  
i n  th e  p lasm a membrane from  p a t i e n t s  w ith  DMD w ere  d e s c r ib e d  (M okri 
and E n g e l, 1 9 7 5 ), vriiere th e  p lasm a membrane was d i s r u p te d  o r  a b s e n t ,  
how ever, th e  b asem en t membrane was a lw ays p r e s e r v e d .  I t  was s u g g e s te d  
t h a t  th e  a l t e r a t i o n s  in  th e  p lasm a membrane w ere  p o s s ib ly  an  e a r l y  and
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b a s ic  l e s i o n  in  DMD, L a te r  t h i s  o b s e r v a t io n  was c h a lle n g e d  by 
s u g g e s t io n s  t h a t  th e s e  f in d in g s  c o u ld  have  b een  a r t e r f a c t s  due to  th e  
m ethod o f  sam ple p r e p a r a t i o n  (R ow land, I 98O ). N e v e r th e le s s ,  th e  f a c t  
t h a t  th e s e  l e s i o n s ,  ev en  i f  a r t i f a c t u a l ,  a r e  o n ly  s e e n  in  d y s tr o p h ic  
m u sc le , s u g g e s t s  some fu n d am e n ta l membrane i n s t a b i l i t y .
1 . 1 . 1 . 3 . 3 . 1 .2  SARCOPLASMIC RETICULUM FUNCTION
M uscle  c o n t r a c t io n  and r e l a x a t i o n  i s  r e g u la te d  by m em branes, o f
w hich th e  SR s e r v e s  a  c e n t r a l  r o l e .  Thus, one o f  th e  f u n c t io n s
a s s o c i a te d  w ith  t h i s  membrane s t r u c t u r e  i s  th e  u p ta k e  and r e l e a s e  o f 
2+Ca i o n s .  I n i t i a l  work on th e  SR in  d y s tr o p h ic  m usc le  was c a r r i e d  
o u t  by S r e t e r  jgi. S i. (1964) on a  p r e p a r a t i o n  from  d y s tr o p h ic  mouse and
c h ic k e n  m u sc le . They showed t h a t  d y s tr o p h ic  SR p r e p a r a t i o n s  had a
2+  2+  red u c e d  Ca u p ta k e  as w e l l  a s  an  i n c r e a s e  in  Mg - a c t i v a t e d  ATPase
a c t i v i t y .  However, th e  f i r s t  a t te m p t  to  s tu d y  DMD SR was by S u g i ta
and h i s  c o l le a g u e s  (1967) who showed t h a t  Ca^* u p ta k e  was re d u c e d .
The Ca^* u p ta k e  p r o c e s s  was s tu d ie d  i n  m ore d e t a i l  by Samaha and
G e rg e ly  (1 9 6 9 ) . U n f o r tu n a te ly ,  th e  E D T A -sen sitiv e  p o r t i o n  o f  th e
ATPase a c t i v i t y  was n o t  s tu d i e d .  However, t h e i r  d a ta  d id  a llo w
m easurem ent o f  th e  e f f i c i e n c y  o f  th e  C a ^ ^ -u p tak e  m echanism . I n
n o rm a ls , th e  r a t i o  o f  m oles o f  Ca^’*’ ta k e n  up to  m oles o f  ATP
h y d ro ly z e d  was 0 .4 3  and i n  DMD m u sc le  i t  was 0 .5 6 ,  c l e a r l y  n o t  low er
th a n  n o rm a l. P e te r  and W a rsfo ld  (1969 ) u sed  a  d i f f e r e n t  ap p ro a c h  to  
2+s tu d y  Ca u p ta k e  c h a r a c t e r i s t i c s  o f  DMD SR. They a l s o  found  a
re d u c e d  r a t e  o f  u p ta k e  and t o t a l  u p ta k e  o f  Ca^*, b u t  a d d i t i o n a l l y
2 +s tu d ie d  s o - c a l l e d  Ca a f f i n i t y ,  a t te m p t in g  to  ap p ro a c h  p h y s io lo g ic a l  
c o n d i t io n s  m ore c lo s e l y  by t e s t i n g  th e  a b i l i t y  o f  SR to  remove Ca^*
from  more d i l u t e  s o l u t i o n s .  On in c u b a t io n  w ith  20;liM Ca^*, no rm al SR
2+v e s i c l e s  q u ic k ly  red u c e d  th e  Ca c o n c e n t r a t io n  o f  th e  medium to  l e s s  
th a n  O.ÿiM , w hich i s  i n  th e  ra n g e  r e q u i r e d  to  in d u c e  r e l a x a t i o n  o f
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m u sc le  o r  s u p e r p r e c i p i t a t i o n  o f  a c to m y o s in . None o f  5 c a s e s  o f  EMD
2 +showed a  norm al Ca a f f i n i t y  o f  th e  SR. F i f t e e n  o th e r  c a s e s  o f  a
v a r i e t y  o f  n e u ro m u sc u la r  d i s e a s e s  showed no a b n o rm a li ty  o f  Ca^*
a f f i n i t y .  A s i m i l a r  a b n o rm a li ty ,  how ever, was found  i n  p o ly m y o s i t is
and i n  one p a t i e n t  w ith  BMD. P e t e r  and W arsfo ld  (1969) c o n s id e re d  
2+Ca a f f i n i t y  m ore s e n s i t i v e  b e c a u se  in  DMD m u sc le , SR m ig h t show
2+  2 +  norm al Ca a c c u m u la tio n , b u t  abnorm al Ca a f f i n i t y .  I n  3 o f  th e
c a s e s  w i th  abnorm al Ca^* a f f i n i t y ,  i s o l a t e d  m ito c h o n d r ia  showed no rm al
r e s p i r a t o r y  r a t e s ,  a c c e p to r  r a t i o s ,  r e s p i r a t o r y  c o n t r o l  r a t i o s  and
ADP/Og r a t i o s .  They c o n c lu d ed  t h a t  th e  SR i s  abnorm al i n  DMD a t  a
tim e  when m ito c h o n d r ia l  f u n c t io n  a p p e a rs  t o  be n o rm a l. T akag i and h i s
c o l le a g u e s  (1973) a l s o  r e p o r te d  t h a t  th e  i n i t i a l  r a t e  o f  u p ta k e  and
th e  t o t a l  u p ta k e  o f  Ca^^ by DMD SR w ere s lo w e r  and lo w e r th a n  n o rm a l.
However, th e  Mg^*-ATPase o f  th e  SR was l i t t l e  ch an g ed . The work
r e g a r d in g  Ca^* and EMD SR h a s  been  rev ie w e d  by Samaha ( 1 9 7 9 ) .
M e m b ra n e -re la te d  ATPase ( [Na^+K^]ATPase; [ Ca^ ^ +Mg ]A TPas e ; and
[N a*+K *]M g^*-dependent ATPase) a c t i v i t y  and th e  c o n te n t  o f  s e r i n e
p h o s p h a tid e s  w ere d e c re a s e d  i n  DMD SR ( P e t e r  ^  a l .  ,1 9 7 4 ) . R e c e n tly ,
N ie b ro j-D o b o sz  (1981) r e p o r t e d  t h a t  th e  d im in u tio n  o f  m e m b ra n e -re la te d
ATPase a c t i v i t y  i n  t h e i r  p a t i e n t s  w ith  DMD and MyD, was n o t  r e s t r i c t e d
to  any one o f  th e s e  d y s t r o p h ie s ,  s u g g e s t in g  t h a t  i t  was n o t  th e  c a u se
b u t  th e  con seq u en ce  o f  th e  g e n e t i c  a b n o rm a lity  o f  th e  m usc le  s u r f a c e
membrane. D ec reased  [Na*+K*]ATPase and [Ca^^+Mg^^]ATPase a c t i v i t y
c o u ld  r e s u l t  from  e i t h e r  a l t e r e d  a c t i v a t o r / i n h i b i t o r  a c t i o n s  o r
d i s o r g a n iz a t i o n  o f  th e  m o le c u la r  s t r u c t u r e  o f  th e  membrane (C harnock
S i â l . ,  1 9 7 1 ).
1 ,1 . 1 . 3 . 3 .1 .3  FREEZE-FRAOTURE IN DYSTROPHIC MUSCLE
F re e z e  f r a c t u r e  i s  a  u n iq u e  te c h n iq u e .  I t  a llo w s  th e  e l e c t r o n  
m ic r o s c o p is t  to  v i s u a l i z e  and q u a n t i t a t e  f i n e  d e t a i l s  o f .’ membrane
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u l t r a s t r u c t u r e .  B ran to n  and h i s  c o lle a g u e s  d e m o n s tra te d  t h a t  th e
f r a c t u r e  c o n s i s t e n t l y  p a s s e s  a lo n g  th e  m id l in e  o f  th e  membrane; t h a t  
i s ,  th ro u g h  th e  h y d ro p h o b ic  p h o s p h o lip id  i n t e r i o r .  Both f r a c t u r e  
f a c e s  a r e  c o v e re d  w ith  p a r t i c l e s  and i t  i s  now a c c e p te d  t h a t  th e s e  
p a r t i c l e s  a r e  p r o t e i n s  and s t r u c t u r a l  com ponents o f  th e  membrane 
M arch es i ^  s i . .  ,1 9 7 2 ) ,  S in c e  p re v io u s  b io c h e m ic a l and m o rp h o lo g ic a l  
s tu d i e s  im p l ic a te d  a  m u sc le  s u r f a c e  membrane a b n o rm a li ty  i n  DMD (M okri 
and E n g e l, 1 9 7 5 ), th e  in tram em b ran o u s a r c h i t e c t u r e  o f  th e  p lasm a 
membrane i n  DMD m u sc le  h as  b een  s tu d ie d  (S c h o tla n d  e t  a l . .1 0 8 1 1 .
These r e p o r t s  a g re e d  t h a t  t h e r e  ^ e  d e c re a s e d  num bers o f
in tram em b ran o u s  p a r t i c l e s  a s  w e l l  a s  changes in  th e  d i s t r i b u t i o n  in
th e  p lasm a membrane in  th e  p o p u la t io n  o f  m uscle  f i b r e s  from  p a t i e n t s  
w ith  IMD, In  c o n c lu s io n , t h e i r  s tu d i e s  s u p p o r t  th e  view  t h a t  a  
membrane a b n o rm a li ty  i s  p r e s e n t  i n  t h i s  d i s e a s e  a lth o u g h  th e  i d e n t i t y  
o f  th e  p a r t i c l e s  i s  u n c le a r ,
1 , 1 , 1 . 3 . 3 . 2  ABNORMALITIES IN OTHER CELL TYPES
1 .1 .1 .3 .3 .2 .1  RED BLOOD CELLS (RBC)
RBC hav e  r e c e iv e d  p a r t i c u l a r  a t t e n t i o n  s in c e  th e  p u b l i c a t i o n  in  
1967 o f  th e  f i r s t  r e p o r t s  o n .a b n o r m a l i t i e s _ in  RBCs from  p a t i e n t s  w ith  
m u sc u la r  d y s tro p h y  (Brown £±. ,1 9 6 7 ) . The a b n o r m a l i t i e s  w h ich  have
been  found  so  f a r  can  be l a r g e l y  g rouped  i n t o  3 c a t e g o r i e s :  ( i )
m o rp h o lo g ic a l  and p h y s ic a l  membrane p r o p e r t i e s  ( i i )  m em brane-bound 
enzyme a c t i v i t y  ( i i i )  t r a n s p o r t  p r o p e r t i e s .  Many o f  th e s e  
a b n o r m a l i t i e s  a r e  c o n t r a v e r s a l  and have b een  th e  s u b je c t  o f  
c o n t r a d ic t o r y  r e p o r t s  from  d i f f e r e n t  l a b o r a t o r i e s  (R ow land, 1 9 8 0 ) ,
1 . 1 . 1 . 3 . 3 . 2 . 1 . 1  RED CELL MEMBRANE PROTEINS
1 . 1 . 1 . 3 . 3 . 2 . 1 . 1 . 1  SPECTRIN
S p e c t r in  i s  lo c a t e d  on  th e  c y to p la sm ic  s u r f a c e  o f  th,e membrane
■ ' f1
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and i s  a  m a jo r  com ponent o f  th e  RBC m em brane. Along w ith  o th e r  
p r o t e i n s  su ch  a s  a c t i n  i t  form s th e  c y t o s k e l e t a l  ne tw ork  r e s p o n s ib le  
f o r  th e  sh a p e , s t r e n g t h ,  d e f o r m a b i l i ty  and e l a s t i c i t y  o f  th e  RBCs 
( S in g e r ,  1976; P a i n te r  e i . â i . .  ,1975 ; Wang e t  a l .  ,1 9 7 5 ) . G u id o t t i  
(1972) r e f e r r e d  to  th e  h y p o to n ic  E D T A -ex tracted  p r o te i n s  o f  th e  RBC 
membranes as ’RBC a c to m y o s in ’ . These e x t r a c t s  c o n s i s t  m ain ly  o f  band 
1 and band 2 ( s p e c t r i n )  and  band 5 ( a c t i n ) .  Band 5 has  many 
p r o p e r t i e s  s i m i l a r  to  m u sc le  a c t i n ,  in c lu d in g  m o le c u la r  w e ig h t, 
c a p a c i ty  to  s t i m u la t e  m yosin  ATPase a c t i v i t y ,  and a b i l i t y  to  
’d e c o r a t e ’ i t s  f ib r o u s  form  w ith  m usc le  heavy  a c to m y o sin  ( P a in t e r  e t  
a l . , 1 9 7 5 ). R egard ing  s p e c t r i n  from  DMD RBCs, Roses e l  a l  (1980)
found t h a t  band 2 (M,W 2 2 0 ,0 0 0 ) (F a irb a n k s  e t  a l . ,1971) was s u b je c t  to  
in c r e a s e d  p h o s p h o ry la t io n  in  04D. I t  i s  u n l ik e ly  t h a t  a  change in  
p r o t e i n  k in a s e  a c t i v i t y  i s  s o l e l y  r e s p o n s ib le  f o r  t h i s  in c r e a s e  s in c e  
none o f  th e  o th e r  endogenous membrane p r o t e i n s  a r e  a f f e c t e d .  T his 
s u g g e s t s  t h a t  th e  s u b s t r a t e  ( s p e c t r i n  band 2) i t s e l f  m igh t be a l t e r e d  
i n  some way. In d e e d , R oses a l  (1980) h a s  i s o l a t e d  s p e c i f i c  r e g io n s  
o f  band 2 , by c o n t r o l l e d  enzym ic p r o t e o l y s i s  and HPLC, in  which 
r e s i d e s  th e  a b n o rm a lity  o f  p h o s p h o ry la t io n .  P r e v io u s ly ,  Roses (1977) 
s u g g e s te d  s t r u c t u r a l  s i m i l a r i t i e s  be tw een  human s p e c t r i n  and human 
m u sc le  m yosin . He s p e c u la te d  t h a t  s in c e  th e  m uscle  f i b r e  d e g e n e ra te s  ;J
i n  DMD, t h i s  means t h a t  m yosin o f  m uscle  f i b r e  i s  d e f e c t i v e .  He 
c o n c lu d ed  t h a t  th e  same g en e  was in v o lv e d  in  s p e c i f y in g  s p e c t r i n  and 
p o s s ib ly  one form  o f  th e  heavy  c h a in  o f  m uscle  m yosin (R o ses  £ i i  
a l . , 1 9 7 6 ) ,
1 , 1 , 1 , 3 . 3 . 2 , 1 , 1 , 2  FREEZE-FRACTURE STUDIES
U sing  f r e e z e - f r a c t u r e  e l e c t r o n  m ic ro sco p y  (Wakayama s i .
(1979) found  a d e c re a s e  in  th e  num ber, and a change to  n o n -u n ifo rm  
d i s t r i b u t i o n ,  o f  in tram em b ran o u s p a r t i c l e s  [P f a c e  (p ro to p la s m ic )  and
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E f a c e  ( e x t e r n a l ) ]  i n  DMD RBC m em branes. They su g g e s te d  t h i s  was th e  
co n seq u en ce  o f  a  change i n  p r o p e r t i e s  o f  band 3 p o ly p e p t id e s  o r  i n  th e  
membrane l i p i d  w ith  w hich th e y  i n t e r a c t  to  form  th e  in tram em b ran o u s 
p a r t i c l e s .  F u r th e r  q u a n t i t a t i v e  f r e e z e - f r a c t u r e  e l e c t r o n  m ic ro sc o p y , 
rev ie w e d  by S h o tto n  (1 9 8 2 ) ,  h a s  co n firm ed  th e s e  f in d in g s ,
1 ,1 ,1 , 3 . 3 . 2 , 1 , 2  PHYSICAL PROPERTIES
1 ,1 .1 .3 . 3 .2 ,1 ,2 ,1  SHAPE AND DEFORMABILITY
The te c h n iq u e s  o f  m ic ro s ie v in g  and m ic r o p ip e t t in g  have  b een  
u sed  in  th e s e  i n v e s t i g a t i o n s  to  exam ine RBC p h y s ic a l  p r o p e r t i e s .  One 
o f  th e  p h y s ic a l  p r o p e r t i e s  o f  DMD RBC t h a t  h a s  been  d e s c r ib e d  as 
abnorm al i s  t h a t  o f  d e f o r m a b i l i ty  as d e te rm in e d  by m ic r o p ip e t t in g  
w hich i s  d e c re a s e d  (T il lm a n  ^  a l ,  ,1 9 7 9 ) . However, more r e c e n t  
m easu rem en ts o f  p r e s s u r e  d r o p - v e lo c i ty  r e l a t i o n s  (m ic ro s ie v in g  
te c h n iq u e )  w ere c a r r i e d  o u t  in  a  c a p i l l a r y  p o re  rh e o m e te r  u s in g  p u re  
RBC s u s p e n s io n s ,  Ih e  s tu d y  showed t h a t  DMD RBC d e f o r m a b i l i ty  i s  n o t  
d i f f e r e n t  from  no rm al (C on lon  e t  a l . ,1 9 8 1 ) , r e s u l t s  which a r e  in  
s u b s t a n t i a l  ag re e m e n t w ith  s i m i l a r  m ic ro s ie v in g  s tu d i e s  by Nash and 
Wyard (1 9 8 2 ) ,
I n  a d d i t i o n ,  s t u d i e s  o f  RBC shape  by sc a n n in g  e l e c t r o n  
m ic ro sco p y  and l i g h t  m ic ro sco p y  have a l s o  s u g g e s te d  a  membrane 
a b n o rm a li ty  in  DMD, Some g ro u p s  (G ra s s !  e t  a l .  ,1978) have  shown an 
in c r e a s e d  p r o p o r t io n  o f  e c h in o c y te s  ( s p i c u la t e d  c re n a te d  c e l l s )  i n  MD 
RBC and o th e r  ty p e s  o f  d y s t r o p h ie s .  O th e rs  have found no in c r e a s e  in  
e c h in o c y te s  b u t  an in c r e a s e d  p r o p o r t io n  o f  s to m a to c y t e s  (cu p  shaped  
RBCs) as  d i s t i n c t  from  th e  norm al b ic o n c a v e  c e l l  ( M i l l e r  e t  
â i . .  ,1 9 7 6 ) , These f in d in g s  w ere a l s o  o b se rv e d  i n  c a r r i e r  f e m a le s .  
However, th e  abnorm al sh ap e  o b se rv e d  u n d e r th e  e l e c t r o n  m ic ro sco p y  
c o u ld  have been  c a u se d  d u r in g  p r e p a r a t i v e  te c h n iq u e s  s u b s e q u e n t  to  
f i x a t i o n  a s  w e l l  as e f f e c t  o f  long  p e r io d  s to r a g e .  I n  a d d i t io n ,  some
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w o rk ers  w ere  found norm al RBC d e f o r m a b i l i ty  (T illm a n  e t  a l . .1 9 7 9 ) .
1 . 1 . 1 . 3 . 3 . 2 . 1 . 2 . 2  OSMOTIC FRAGILITY 
The r e p o r t  t h a t  RBCs from  p a t i e n t s  w ith  DMD have i r r e g u l a r ,
c r e n a te d  s u r f a c e  membranes s e e n  by sc a n n in g  e l e c t r o n  m ic ro sco p y  
(M atheson  and H ow land, 1974) prom pted F i s h e r  and a s s o c i a t e s  (1976) to  
i n v e s t i g a t e  o sm o tic  f r a g i l i t y .  They found in c r e a s e d  o sm o tic  f r a g i l i t y  
o f  RBCs in  a p p ro x im a te ly  85$ o f  th e  p a t i e n t s .  More r e c e n t l y ,  Somer 
and h i s  c o l le a g u e s  (1979) a l s o  found in c r e a s e d  o sm o tic  f r a g i l i t y  o f  
RBCs i n  a b o u t 50$ o f  DMD p a t i e n t s ,  b u t  A dornato  jgi. s i .  (1977) r e p o r te d  
norm al o sm o tic  f r a g i l i t y  and RBC tu rn o v e r  r a t e  from  DMD p a t i e n t s  
( i . e .  th e  s u r v iv a l  o f  DMD RBCs i s  n o rm a l) . T hree  o th e r  p u b l i c a t i o n s  
r e p o r te d  in c r e a s e d  o sm o tic  f r a g i l i t y  (L loyd  and Nunn, 1 9 7 8 ). 
I n t e r a c t i o n s  be tw een  membrane p r o te in s  and p h o s p h o lip id s  can  be 
m o d if ie d  by t r e a tm e n t  o f  RBCs w ith  p h o s p h o lip a s e s .  These enzymes 
m ig h t a f f e c t  DMD RBCs d i f f e r e n t l y  from  c o n t r o l  RBCs, i f  th e  m ozaic o f  
membrane com ponents i s  a l t e r e d .  I t  i s  l i k e l y  t h a t  t h i s  m igh t th e n  be 
r e f l e c t e d  by a  change in  o sm o tic  r e s i s t a n c e ,  R u ite n b e e k  sJL S i. (1979) 
d is p ro v e d  t h i s  s p e c u la t i o n  by f in d in g  t h a t  a f t e r  p h o s p h o lip a s e  A^ (EC 
2 ,1 ,1 ,4 )  t r e a tm e n t  (enzyme from  p a n c re a s , sn ak e  venom o r  b ee  venom) 
th e r e  was no d i f f e r e n c e  be tw een  th e  o sm o tic  f r a g i l i t y  o f  DMD and 
c o n t r o l  no rm al RBCs, b o th  b e in g  in c r e a s e d  by th e  same am ount.
1 . 1 . 1 . 3 . 3 . 2 . 1 . 2 . 3  SPECTROSCOPIC STUDIES 
E le c t r o n  S p in  R esonance (ESR), F lu o re s c e n c e  and N u c le a r
M agnetic  R esonance s p e c tro s c o p y  (NMR) have been  w e l l  e s t a b l i s h e d  as 
v a lu a b le  t o o l s  in  th e  s tu d y  o f  b o th  b i o lo g i c a l  membranes and m odel 
m em branes, s in c e  t h e i r  i n t r o d u c t i o n  by M cConnell and h i s  c o -w o rk e rs  in  
th e  m id d le  1 9 6 0 's ,  S p in  l a b e l l i n g  m ethods have b een  r e c e n t l y  rev iew ed  
by B e r l i n e r  (1 9 7 6 ) , A m u lt i tu d e  o f  p u b l i c a t i o n s  show t h a t
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s p i n - l a b e l l i n g  h as  been  a p p l ie d  w ith  s u c c e s s  to  o b t a in  d e t a i l e d  
in fo r m a t io n  on m o le c u la r  o r g a n iz a t io n  and e s p e c i a l l y  to  m easu re  th e  
f l u i d i t y  a t  d i f f e r e n t  d e p th s  o f  th e  l i p i d  b i l a y e r  o f  m em branes. Many 
c o n t r a d ic to r y  p u b l i c a t i o n s  h av e  a p p e a re d  c o n c e rn in g  l i p i d  f l u i d i t y  o f  
th e  p o la r  ( s u r f a c e )  r e g io n ,  h y d ro p h o b ic  ( n o n -p o la r )  c o re  and th e  
p r o te in  c o n fo rm a tio n  o f  EMD RBCs, The i n t e r e s t i n g  s t u d i e s  by 
B u t t e r f i e l d  â l .  (1976) a s  a s s e s s e d  u s in g  5 - n i t r o x id e  m e th y l s t e a r a t e  
(5-NMS) im p ly in g  d i f f e r e n c e s  in  th e  s p in  l a b e l  s ig n a l s  o f  RBCs from  
norm al s u b je c t s  and p a t i e n t s  w ith  m yo ton ic  m u sc u la r  d y s tro p h y  (MyD) 
prom pted  S a to  SX (1978) to  u se  ESR [ a s  a s s e s s e d  u s in g  I  ( 1 ,1 4 ) ,  I  
( 1 2 ,3 ) ;  and I  (5 .1 0 )3  to  s tu d y  RBCs from  DMD, They found t h a t  th e  
f l u i d i t y  o f  th e  membrane n e a r  th e  p o la r  r e g io n  o f  DMD RBCs was s i m i l a r  
to  t h a t  o f  c o n t r o l  norm al RBCs, T h e ir  f in d in g  h a s  been  co n firm e d  by 
B u t t e r f i e l d  aX  (1980) ( a s  a s s e s s e d  u s in g  MAL-6 and 5-NMS) and 
L a u re n t £±. gX (1980) ( a s  a s s e s s e d  u s in g  5-NMS and 1 ( 1 ,1 4 ) ) ,  U sing 
s a t u r a t i o n  t r a n s f e r  ESR to  s tu d y  5-NS l a b e l l e d  RBC from  DMD and 
c o n t r o l s  RBC, how ever, W ilk e rso n  â l .  (1978) found d e c re a s e d  l i p i d  
f l u i d i t y  a t  th e  s u r f a c e  ( p o la r )  r e g io n  o f DMD g h o s ts  com pared w ith  
c o n t r o l  RBC g h o s ts .  L a te r ,  Dunn (1980) co n firm ed  t h e i r  f in d in g  u s in g  
th e  same p robe  (5 -N S ), On th e  h an d , D e l ia n to n io  jg i  âX  (1 9 8 0 ) , u s in g
th e  same p robe  (5-N S) , found  in c r e a s e d  l i p i d  f l u i d i t y  as w e l l  as
a l t e r a t i o n s  in  l i p i d - p r o t e i n  o r g a n iz a t io n .  R e c e n tly , F a l c i o n i  (1 9 8 2 ) , 
r e p o r te d  th e  membrane e n v iro n m e n t in  th e  p o la r  r e g io n  was d i f f e r e n t  
from  t h a t  o f  no rm al RBC, a s  ju d g ed  by l i p i d - s o l u b l e  s p in  l a b e l s .  They 
a l s o  found d e p le t io n  o f  e x t r i n s i c  p r o te in s  and in tram em b ran o u s  
p a r t i c l e s .  R eg ard in g  l i p i d  f l u i d i t y  in  th e  h y d ro p h o b ic  r e g io n  o f  IMD 
RBC m em branes, S a to  jgX aX (1978 ) r e p o r te d  i t  to  be in c r e a s e d  and t h i s  
was a l s o  s u p p o r te d  by F a l c i o n i  jbX aX  (1 9 8 2 ) , However, two g ro u p s ,
found t h e r e  was no d i f f e r e n c e  from  t h a t  o f  norm al RBC, ju d g ed  by th e
s p e c t r a  w ith  C-12 and 16-NMS a s  p ro b e s , r e s p e c t i v e l y .  F u r th e rm o re ,
J
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p r o te i n  c o n fo rm a tio n  o f  W4D was a l s o  s tu d ie d  u s in g  ESR. As b e fo r e ,
c o n t r a d ic to r y  r e s u l t s  w ere a l s o  fo u n d . De11a n to n io  ê L  S l .  (1 9 8 0 ) ,
u s in g  MAL-6 a s  p ro b e  found th e  a r c h i t e c t u r e  o f  th e  membrane p r o t e i n s
o f  DMD was c i l te r e d  com pared to  t h a t  o f  norm al RBC, However, L a u re n t
e t  a l  (1 980 ) r e p o r t e d  n o rm a l p r o te i n  c o n fo rm a tio n  o f  DMD RBC
m em branes, M ale ira ide  n i t r o x id e  I I I  and MAL-6 w ere u sed  f o r  t h e i r
s t u d i e s ,  r e s p e c t i v e l y .  In  a d d i t i o n ,  S a rp e l  ejL â i .  (1981) m easu red  th e
q 1l i p i d  p r o f i l e  ( e s p e c i a l l y  PC) i n  w hole RBC o f  DMD p a t i e n t s  by P NMR, 
and found a  no rm al l i p i d  f e a t u r e .  C le a r ly  from  t h i s  r e v ie w , r e s u l t s  
from  d i f f e r e n t  i n v e s t i g a t o r s  a r e  c o n t r a d ic t o r y .  The r e a s o n  why th e  
r e s u l t s  a r e  n o t  c o n s i s t e n t  i s  n o t  c l e a r ,  b u t  one p o s s i b i l i t y  may be 
t h a t  n o t  a l l  u sed  th e  same p ro b e  f o r  i n v e s t i g a t i o n  o f  a  g iv e n  r e g io n  
( p o la r  o r  u n p o la r )  o f  th e  b i l a y e r .  U sing d i f f e r e n t  modes o f  ESR a ls o  
u n d o u b te d ly  a f f e c t s  th e  r e s u l t s ,
1 . 1 , 1 , 3 . 3 . 2 , 1 ,3  IDN_JRAN^PORT AND ATPases
A c tiv e  io n  t r a n s p o r t  i n  RBC membranes i s  r e g u la te d  by 
m em brane-bound A T Pases, Human RBC membranes a p p e a r  to  c o n ta in  3 m ajo r 
A TPases, one w hich i s  a c t i v a t e d  by Mg^ "*" a lo n e  (Mg^ **’-d e p e n d e n t  A T Pase), 
one ( i n h i b i t e d  by o u a b a in )  w hich  r e q u i r e s  Na*,K*,M g^*, ([Na*+K*]ATPase 
o r  [N a^+K *]M g^*-dependent A T P ase), and a  t h i r d  one r e q u i r in g  Mg^* and 
Ca^'*' ( [Ca^^+Mg^"*^3ATPase) ( S id d iq u i  and P e n n in g to n , 1977) • Brown e t  a l
(1967) f i r s t  r e p o r t e d  t h a t  th e  m em brane-bound ATPase, [Na*+K*3ATPase, 
i s  enhanced  by o u a b a in , a  g ly c o s id e .  Brown’s  work prom pted  many o t h e r  
g ro u p s  to  s tu d y  th e  e f f e c t  o f  o u a b a in  on [Na^+K*3 ATPase. T h e ir  
r e s u l t s  can be sum m arised a s  f o l lo w s :  ( ! )  enzyme a c t i v i t y  was enhanced  
by o u a b a in  (P e a r s o n , 1 9 7 8 ), ( i i )  enzyme a c t i v i t y  was i n h i b i t e d  by 
o u a b a in  l e s s  th a n  c o n t r o l s  ( S id d iq u i  and P e n n in g to n , 1977) ( i i i )  B a sa l 
enzyme a c t i v i t y  was lo w e r th a n  c o n t r o l  (Souw eine jgJL âX . i1 9 7 8 ) , ( iv )  
enzyme a c t i v i t y  o f  DMD RBC was as in  norm al (Hodson and P le a s u r e ,
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1977).
[Ca^*+M g^*] ATPase [EC 3 .6 .1 .3 ]  i s  th e  enzyme r e s p o n s ib le  f o r
a c t i v e  C a ^ ^ -e x t ru s io n  from  RBCs (R u ite n b e e k , 1 9 7 9 ). S e v e ra l  g ro u p s
have r e p o r t e d  an in c r e a s e d  [C a^% N g^^] ATPase a c t i v i t y  in  EMD RBC
( P i j s t  and S c h o l te ,  1 9 8 3 ) . Thus l e d  some a u th o r s  to  c o n c lu d e  t h a t  DMD
m igh t be cau se d  by a l t e r e d  Ca^* t r a n s p o r t  a c ro s s  th e  membrane le a d in g
2 +t o  h ig h e r  i n t e r n a l  Ca c o n c e n t r a t io n  i n  th e  c e l l .  However,
m easu rem en t o f  Ca^* f lu x  o f  DMD RBC ( iS h o ji, 1981) d id  n o t  show a
s i g n i f i c a n t  d i f f e r e n c e  be tw een  IMD and c o n t r o l  p r e p a r a t i o n s .  An
2 +enzyme w ith  some c h a r a c t e r i s t i c s  i d e n t i c a l  to  th o s e  o f  Ca -A TPase i s
2+  2 +  th e  Ca - s t i m u l a t e d  p - n i t r o p h e n y lp h o s p h a ta s e  [Ca +PN PPase], I t  i s
a ls o  m em brane-bound and i t  h a s  been  s u g g e s te d  (R ega e t  a l . ,1973) t h a t
b o th  enzyme a c t i v i t i e s  a r e  c a ta ly z e d  by th e  same m o le c u la r  sy s te m . An
in c r e a s e  in  Vmax and a c t i v a t i o n  en e rg y  o f  t h i s  enzyme w ere a l s o  found
i n  EMD, Thus, Rega jgi. âX  (1973) p ro p o sed  t h a t  a  change  in  th e  l i p i d
dom ain c o u ld  be r e s p o n s ib le  f o r  th e s e  a l t e r a t i o n s ,  R u iten b e e k  (1978)
a ls o  p ro p o se d  t h a t  Ca^* m etab o lism  in  DMD RBC m ig h t be im p a ire d  as  a
2+co n seq u en ce  o f  a l t e r e d  Ca t r a n s p o r t .
1 . 1 , 1 , 3 . 3 . 2 , 2  LYMPHOCYTE. g A P P IN fi
T here  h as  been  c o n s id e r a b le  i n t e r e s t  in  th e  cap p in g  o f 
ly m p h o cy tes  i n  p a t i e n t s  w ith  DMD, However, th e  r e s u l t s  from  d i f f e r e n t  
g ro u p s  a r e  once a g a in  c o n t r a d i c t o r y .  R e c e n tly , H o re n s te in  and Emery 
( 1 9 8 3 )  t o g e t h e r  w ith  p re v io u s  r e p o r t s  (P ic k a rd  eX .a X . , 1 9 7 8 )  r e p o r te d
a  c o n s i s t e n t  f a i l u r e  o f  cap  fo rm a tio n  in  lym phocy tes  from  a  l a r g e  
g roup  o f  p a t i e n t s  w ith  DMD, I t  was p ro p o sed  t h a t  t h i s  method m ig h t be 
v a lu a b le  f o r  c a r r i e r  s c re e n in g  and p r e n a t a l  d e t e c t i o n  o f  a f f l i c t e d  
f o e t u s e s .  I n  c o n t r a s t .  Sand and H a r r i s  ( 1 9 7 9 )  found  norm al c a p p in g  in  
m ost o f  th e  p a t i e n t s  and c a r r i e r s  u s in g  f l u o r e s c e i n a t e  l a b e l l e d  F (a b )g  
fra g m e n t o f  a n ti-h u m a n  im m unog lobu lin  from  r a b b i t  o r  g o a t  and w ith  a
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s h o r t e r  in c u b a t io n  tim e f o r  th e  cap p in g  p r o c e s s .  T h e ir  f in d in g s  a r e  
c o n firm e d  by s e v e r a l  w o rk e rs  (S v b e r t  e t  a l . ,1 Q 7 Q ) .
1 .1 .1 .3 .3 .2 .3  CULTURED SKIN FIBROBLASTS (CSFs)
R oses s i .  a l  ( 1980) s tu d ie d  th e  p r o te in  from  s o lu b i l i z e d  w hole 
CSFs: n e i t h e r  tide d i s t r i b u t i o n  n o r th e  q u a n t i ty  o f  in d iv id u a l
co o m ass ie  b l u e - s t a i n e d  p r o t e i n s  i s  r e p r o d u c ib ly  d i f f e r e n t ,  a lth o u g h  
i n d iv i d u a l  e x p e r im e n ts  may s u g g e s t  m inor v a r i a t i o n s .  They a l s o  c o u ld  
d e m o n s tra te  no changes in  c e l l  p h o sp h o p ro t e i n s  l a b e l l e d  w ith  s e n s i t i v e  
i s o t o p i c  te c h n iq u e s  u s in g  th e  in c o r p o r a t io n  o f  o r th o p h o s p h a te  *1
i n t o  l i v i n g  c e l l  m o n o la y e rs , DMD CSFs have a  lo w e r  i n t r a c e l l u l a r  
a d h e s iv e n e s s  com pared w ith  norm al CSFs when a g g re g a te d  i n  a  C o u e tte  
v is c o m e te r ,  C o l l i s o n  e f f i c i e n c i e s  o f  2 .5 2  and 4 ,6 2 , r e s p e c t i v e l y  w ere 
r e p o r te d  ( J o n e s  and W itkow sk i, 1 9 8 3 ), I t  was a l s o  found t h a t  a  v e ry  
s m a l l  p r o p o r t io n  o f  DMD CSFs form  l a r g e  a g g re g a te s  (Jo n e s  and 
W itkow sk i, 1 9 8 1 ) , Normal c e l l  s u s p e n s io n s  o n ly  r a r e l y  c o n ta in e d  l a r g e  
a g g re g a te s  b u t  d id  c o n ta in  many in te r m e d ia t e - s i z e  a g g r e g a te s .  These 
d i f f e r e n c e s  a r e  n o t  r e l a t e d  to  g r o s s  m o rp h o lo g ic a l d i f f e r e n c e s  be tw een  
norm al and DMD CSFs (Jo n e s  and W itkow sk i, 1979) and w ere  n o t  r e f l e c t e d  
i n  d i f f e r e n c e s  in  in tram em b ran e  p a r t i c l e  d e n s i t i e s  o r  d i s t r i b u t i o n s  
( Jo n e s  and W itkow sk i, 1 9 8 3 ). I n  a d d i t io n ,  membrane p r o te i n s  and t o t a l  
p r o te i n s  have  a l s o  been  s tu d ie d  (B urghes s i  âX* >1982) u s in g  
p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  i n  th e  p re s e n c e  o f  sodium  d o d e c y l 
s u lp h a te  (SD S), R egions o f  7 3 ,0 0 0  to  68 ,0 0 0  and 48 ,0 0 0  m o le c u la r  
w e ig h t w ere  d e c re a s e d  in  DMD s a m p le s . These f in d in g s  w ere found to  be 
s i g n i f i c a n t  by b o th  m ethods o f  s t a t i s t i c a l  a n a ly s i s  
( i n t e r - e x p e r im e n ta l  v a r i a t i o n  [ te rm ed  " b a tc h  s t a t i s t i c s " ]  and th e  
s tu d e n t  t - t e s t ) , R eg ions o f  175 ,000  and 53 ,000  m o le c u la r  w e ig h t w ere
s i g n i f i c a n t l y  e le v a te d  i n  DMD p r e p a r a t i o n s  o n ly  by t - t e s t ,  w hereas a
■ar e g io n  o f  32x10 m o le c u la r  w e ig h t was o n ly  s i g n i f i c a n t l y  e le v a te d  when
■1
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t e s t e d  by b a tc h  s t a t i s t i c s ,
1 . 1 . 1 . 3 . 3 . 2 . 4  PLA TELETS
I t  i s  s u r p r i s i n g  t h a t  p l a t e l e t s  w hich a r e  known to  have
2 +f u n c t i o n a l  s i m i l a r i t i e s  w ith  m u sc le , e s p e c i a l l y  w ith  r e g a rd  to  Ca
k i n e t i c s ,  ( D e tw ile r  jg i  âX , ,1 9 7 8 ) ,  have been  in f r e q u e n t ly  i n v e s t i g a t e d
i n  n e u ro m u sc u la r  d i s e a s e s .  The few e x i s t i n g  s tu d i e s  i n d i c a t e  t h a t
p l a t e l e t  membrane a b n o rm a lity  can  o c c u r  in  m u sc u la r  d y s t r o p h ie s  (Yarom
e t  a l . .1 9 8 3 ) .  A number o f  p l a t e l e t  d e f e c t s  in c lu d in g  e le v a te d  Ca^*
c o n te n t  and s u r f a c e  membrane a b n o rm a l i t i e s  w ere found i n  a  few c a s e s
o f  DMD (Yarom e t  a l , .1 Q 8 2 ) ,  R e c e n tly , Yarom eX. âX  (1983) i n v e s t i g a t e d
14 p a t i e n t s  w ith  m u sc u la r  d y s tro p h y  and 20 s u i t a b l e  c o n t r o l s .  I n  4
DMD and one L im b -G ird le  d y s tro p h y  th e  in d u c t io n  o f  a g g re g a t io n  by
a d r e n a l in e  and ADP was im p a ir e d .  E le c t r o n  m ic ro sc o p ic  and c h e m ica l
e x a m in a tio n s  r e v e a le d  an in c r e a s e d  number o f  d en se  b o d ie s ,  changed
2+p e r m e a b i l i ty  a n d /o r  b in d in g  o f  c a t i o n s  and e le v a te d  i n t r a c e l l u l a r  Ca 
i n  a l l  th e  9 c a s e s  o f  DMD w h ile  th e  2 l im b - g i r d l e  and 3 m yo ton ic  
d y s t r o p h ie s  w ere  v a r i e d ,
1 .1 .1 .4  ADyANTAGE8._AND_DISADVANTAG£S. OF USING FIBROBLASTS
The p rim a ry  p u rp o se  o f  human t i s s u e  c u l t u r e  i s  to  p ro v id e  
e n v iro n m e n ta l  c o n d i t io n s  u n d e r  w hich CSFs d e r iv e d  from  an i n d iv i d u a l  
can  be m a in ta in e d  o u t s id e  o f  th e  donor (F re s h n e y ,1 983) .  To a llo w  th e  
p a r t i c u l a r  c e l l  o r  c e l l  p o p u la t io n  to  grow and p r o l i f e r a t e ,  th e  
s p e c i f i c  m e ta b o lic  r e q u ir e m e n ts  o f  th e  CSFs m ust be s a t i s f i e d  by th e  
c o n s t i t u e n t s  o f  th e  c u l t u r e  medium. T h e o r e t i c a l ly ,  t h i s  e x t r a c e l l u l a r  
en v iro n m e n t sh o u ld  c lo s e ly  m atch th e  p h y s io lo g ic a l  c o n d i t io n s  found i n  
th e  l i v i n g  h o s t .  I t  s h o u ld  p ro v id e  a b a la n c e d  s a l t  s o l u t i o n ,  
abundance  o f  n u t r i e n t s ,  p r o p e r  te m p e ra tu re ,  and c o n t r o l  o f  pH (R a c e , 
1 9 7 3 ). CSFs have been  e x te n s iv e ly  used  as a  t o o l  f o r  s tu d y in g  human
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g e n e t i c  d i s o r d e r s .  T here  a r e  a d v a n ta g e s  and d is a d v a n ta g e s  in  u s in g  
th e s e  CSFs f o r  such  i n v e s t i g a t i o n s .  One r e a s o n  CSFs a r e  w id e ly  u sed  
i s  b e c a u se  th ey  r e p r e s e n t  an e a s i l y  a c c e s s ib l e  s o u rc e  from  s k in  
b io p s y . F o r r e s e a rc h  p u rp o s e s ,  u s in g  CSFs h as  many o t h e r  a d v a n ta g e s , 
such  as th e  a b i l i t y  to  e a s i l y  c o n t r o l  th e  e n v iro n m e n ta l  c o n d i t io n s  
r e q u i r e d  b o th  f o r  p r o l i f e r a t i o n  and f o r  d i f f e r e n t i a t i o n  o f  th e  CSFs 
and th e  p o t e n t i a l  f o r  p r o d u c t io n  o f  l a r g e  am ounts o f  CSFs w hich a llo w  
a p r a c t i c a l l y  u n l im ite d  num ber o f  d e te r m in a t io n s .  They can  a l s o  be 
banked in  l i q u i d  n i t r o g e n  (-YO°C) f o r  f u r t h e r  s tu d i e s  o r  s h a re d  w ith  
o th e r  i n v e s t i g a t o r s .  They a l s o  form  a homogenous p o p u la t io n  o f  
m ono layer CSFs (com pared to  a  m ixed c e l l  p o p u la t io n  o f  a  m u sc le  c e l l
c u l t u r e )  w hich i n  v i t r o  re s e m b le  th e  norm al CSFs in  j j i .  v iv o  g ro w th
r a t e ,  maximum d e n s i ty  in  c u l t u r e ,  and lo co m o to ry  a c t i v i t y  (W itkow ski 
and J o n e s ,  1 9 8 1 ), R eg ard in g  th e  d ia g n o s t ic  a s p e c t s  o f  human g e n e t i c  
d i s e a s e s ,  f i b r o b l a s t  c e l l s  a r e  a  p o t e n t i a l  t o o l  f o r  th e  p r e n a t a l  
d e t e c t i o n  o f  d i s e a s e  in  th e  f o e tu s  (Hug f it .  aJL-,1 9 7 3 ) , D uring  
p reg n an cy  f i b r o b l a s t  c e l l s  a r e  r e l a t i v e l y  e a s i l y  o b ta in e d  from  th e  
a m n io tic  f l u i d  (rem o v al by a m n io c e n te s is  t e c h n iq u e s ,  Em ery, 1974) and 
can  be c u l tu r e d .  I t  sh o u ld  a lw ays be k e p t  in  mind t h a t  c u l t u r e  
c o n d i t io n s  a r e  a r t i f i c i a l  and s u b je c t  to  a  number o f  p i t f a l l s ,  su ch  a s
i n f e c t i o n  by v i r u s  o r  m ycoplasm a (M cG arrity  e t  a l . ^  1 9 7 8 ), T h is
c o n ta m in a t io n  i s  d i f f i c u l t  to  m o n ito r  and i s  a  v i t a l  f a c t o r  to  f u r t h e r  
s tu d i e s  o r  c u l t u r e .  B e s id e s  t h a t  CSFs a r e  a l s o  d r a m a t ic a l ly  a f f e c t e d  
by t h e i r  e n v iro n m en t ( c u l t u r e  m edium ). S in c e  th ey  a r e  l i v i n g ,  
f u n c t io n a l  CSFs in  a  d e f in e d  en v iro n m en t o u t s id e  th e  body th e y  a r e  
a f f e c t e d  by (am ongst o t h e r  c o n d i t i o n s ) ,  pH, te m p e ra tu re  and c u l t u r e  
m il ie u  a s  w e l l  a s  p a s sa g e  num ber, R obbins .gX. a l .  (1971) s tu d ie d  se v e n  
human CSF l i n e s  d e r iv e d  from  s k in  b io p s ie s  a t  p a s sa g e  num bers from  1 
to  22 , and r e p o r te d  th e  c o n s i s t e n t  a c c u m u la tio n  o f  ly soso raes a s  th e  
p a s sa g e  number was i n c r e a s e d .  They a l s o  n o te d  t h a t ,  a t  l a t e r
  r  ii  ' •'id'i.-.
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p a s s a g e s ,  th e  ly so so m es s t a r t e d  to  undergo  d e g e n e r a t iv e  c h a n g e s .
L ip e tz  and C r i s t a f a l o  (1972) s tu d ie d  human CSFs ra n g in g  from  th e  1 6 th  
p a s sa g e  to  th e  5 6 th  p a s s a g e . They found  an in c r e a s e  in  th e  number o f  
a u to p h a g o c y tic  b o d ie s  ( ly s o s o m e s ) , ch an g es  in  m ito c h o n d r ia l  s t r u c t u r e ,  
and in c r e a s e  in  th e  i n v a g in a t io n  o f  th e  n u c le u s  as th e  p a s sa g e  number 
i n c r e a s e d .  They n o te d  t h a t  medium changes would p ro d u ce  a  s h a rp  
d e c re a s e  in  th e  number o f  a u to p h a g o c y tic  v a c u o le s .  They s u g g e s te d  
t h a t  th e  c o n g e s t iv e  engorgem en t o f  ly sosom es p la y s  an im p o r ta n t  r o l e  
i n  th e  d e c re a s e  in  a c t i v i t y  o f  c e l l  p o p u la t io n s  a t  l a t e r  p a s sa g e  
num ber. I t  was a l s o  r e p o r te d  t h a t ,  a t  l a t e r  c e l l  p a s s a g e s ,  t h e r e  was 
an i n c r e a s e  in  th e  p re s e n c e  o f  m ic r o f i la m e n ts ,  and an in c r e a s e  i n  th e  
p rom inence  o f  th e  c i s t e r n a l  sy s tem  o f  th e  c e l l .  L ie  jsJL aJL (1973) w ere 
co n cern ed  w ith  th e  e f f e c t s  o f  pH on th e  u l t r a s t r u c t u r e  o f  human CSFs,
They w ere a b le  to  d e m o n s tra te  t h a t  an  in c r e a s e d  pH c o u ld  i n c r e a s e  th e  
number o f  ly so so m es in  th e  CSFs, They s u g g e s te d  t h a t  t h i s  i n c r e a s e  in  
c y to p la s m ic  b o d ie s  may r e s u l t  from  an  i n h i b i t i o n  o f  ly so so m a l f u n c t io n  
a s  th e  pH was in c r e a s e d ,  D ouglas a l  (1976) r e p o r te d  on th e  f i n e  
s t r u c t u r e  o f  norm al human CSFs, They r e p o r te d  th e  p re s e n c e  o f  
w e ll-d e v e lo p e d  G o lg i co m p lex es , e x te n s iv e  a r e a s  o f  rough en d o p la sm ic  
r e t i c u lu m , and many f r e e  r ib o so m es  i n  th e  c y to p la sm . By ch an g in g  th e  
c o n c e n t r a t io n  o f  s p e c i f i c  com ponents o f  th e  medium, th e y  w ere a b le  to  
d r a m a t i c a l l y  a l t e r  th e  u l t r a s t r u c t u r e  o f  th e  CSFs, su ch  t h a t  G o lg i 
com plexes w ere r a r e l y  o b s e rv e d , c i s t e r n a e  in  th e  rough  en d o p la sm ic  
r e t ic u lu m  w ere red u c e d  in  num ber, and th e  number o f  f r e e  r ib o so m es in  
th e  c y to p la sm  was r e d u c e d . I n  o r d e r  to  m in im ise  v a r i a t i o n  betw een  
d i s e a s e  and c o n t r o l  l i n e s ,  th e y  can  be m atched f o r  a g e , s e x ,  r a c e ,  and 
b io p sy  s i t e .  T h is  l a t t e r  p a ra m e te r  has  r e c e n t l y  b een  d e m o n s tra te d  to  
be o f v i t a l  im p o rta n c e  s in c e  a r e p o r t e d  p r o te i n  a b n o r m a l i t i e s  in  EMD
CSFs (Rosenm ann j s L  a l , .1982 ) was found  to  be due to  d i f f e r e n c e s  in  I!
b io p sy  s i t e  be tw een  p a t i e n t s  and c o n t r o l s  (Thomson eJX a l .  ,1 9 8 3 ) .
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Growth s t a g e s  in  th e  c u l t u r e  can be m atched by s tu d y in g  c e l l  
m o n o lay e rs  u n d e r  c o n d i t io n s  w h ere , f o r  exam ple, g ro w th  r a t e  i s  a t  a  
maximum ( lo g  p h a s e ) .  A n o th er m ajo r d is a d v a n ta g e  o f  u s in g  CSFs to  
i n v e s t i g a t e  a  d i s e a s e ,  l i k e  DMD, w here th e  d e f e c t i v e  gene  i s  
u n i d e n t i f i e d  i s  t h a t  1 /3  o f  th e  re c o g n is e d  g e n e t ic  d e f e c t s  in  man a re  
n o t  e x p re s s e d  in  CSF l i n e s  (R a iv io  and S e e m i l le r ,  1 9 7 2 ) .
1 .2  L IfJD  CDMPQSITION AND ORGANIZATION OF BIOLOGICAL MEMBRANES,
S tu d y  o f  membranes h a s  r e c e n t l y  become one o f  th e  m ost p o p u la r  
t o p ic s  o f  b a s ic  and a p p l ie d  b io c h e m ic a l  r e s e a r c h .  The im p o rta n c e  o f  
c e l l  membrane a l t e r a t i o n s  in  d i s e a s e  s t a t e s  can be i n f e r r e d  from  th e  
g e n e r a l  im p o rta n c e  o f  membrane phenomena in  norm al r e a c t i o n s  o f  th e  
c e l l  to  e x t r i n s i c  o r  i n t r i n s i c  s t i m u l i  ( p h y s io lo g ic a l  o r  p a th o lo g ic a l )  
w h ich , o f  n e c e s s i t y ,  in v o lv e  membrane i n t e r a c t i o n s .  I t  i s  p ro b a b ly  
s a f e  to  g e n e r a l i z e  t h a t  membrane a l t e r a t i o n s  o c c u r  a s  a  p a r t  o f  a l l  
d i s e a s e  p r o c e s s e s .  U n d e rs ta n d in g  o f  c e l l u l a r  p a th o lo g y  t h e r e f o r e  
r e q u i r e s  a c c u r a te  know ledge o f  b o th  th e  c o m p o s itio n  and o r g n i s a t i o n  o f  
b i o l o g i c a l  membranes e i t h e r  in  th e  norm al o r  abnorm al ( d i s e a s e )  
s t a t e ,
1 .2 ,1  MMRANE MODELS
The e x is t e n c e  o f  membranes around  l i v i n g  c e l l s  h as  been  
e s t a b l i s h e d  f o r  o v e r  a  c e n tu ry  due to  th e  s tu d i e s  o f  N a g e li  who, in  
1855, d is c o v e r e d  t h a t  undamaged c e l l s  co u ld  a d ju s t  t h e i r  volume in  
r e s p o n s e  to  th e  o sm o tic  s t r e n g th  o f  th e  s u rro u n d in g  medium. These 
s tu d i e s  w ere e x te n d e d  by O v erto n  (1895) who o b se rv e d  t h a t  n o n -p o la r  
m o le c u le s  m ore r e a d i l y  t r a v e r s e d  th e  membranes o f  c e l l s  th a n  p o la r  
compounds and on th e  b a s i s  o f  th e s e  s tu d i e s  p ro p o se d , f o r  th e  f i r s t  
t im e , t h a t  c e l l  membranes w ere l i p i d  i n  n a tu r e .  The d ev e lo p m en t o f
id e a s  on membrane s t r u c t u r e  was advanced  s i g n i f i c a n t l y  by G o r te r  and
    -   ---
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G rendel (1 9 2 5 ) who, from  s tu d i e s  on RBCs, f i r s t  p ro p o sed  th e  c o n c e p t 
o f  a  l i p i d - b i l a y e r .  The id e a  t h a t  p r o te i n s  w ere a s s o c ia te d  w ith  
membranes was p ro p o sed  t e n  y e a r s  l a t e r  by D a n i e l l i  and Davson (1935) 
to  a c c o u n t f o r  th e  a p p a re n t  d is c re p a n c y  betw een  th e  s u r f a c e  t e n s io n  a t  
m em brane/w atep and o i l / w a t e r  i n t e r f a c e s .  S in c e  th e n , many d i f f e r e n t  
m odels have b een  p ro p o sed  to  e x p la in  membrane s t r u c t u r e  as  w e l l  a s  th e  
i n t e r a c t i o n  be tw een  l i p i d  and p r o t e i n .  At th e  moment o n ly  S in g e r  and 
N ic o ls o n 's  (1972) m odel ( F ig .  1) a c c o u n ts  f o r  m ost o f  th e  o b se rv e d  
f e a t u r e s  o f  p lasm a m em branes, and s u g g e s ts  t h a t  th e  membrane s t r u c t u r e  
i s  a  l i p i d  b i l a y e r  ( t h e  s t r u c t u r e  o f  th e  m ajor l i p i d s  o f  b i o lo g i c a l  
membranes i s  shown in  F i g . 2) w ith  th e  p o la r  g ro u p s  exposed  a t  th e  
s u r f a c e  and th e  f a t t y  a c id  c h a in s  occu p y in g  th e  i n t e r i o r  o f  th e  
b i l a y e r .  Some p r o te i n s  p e n e t r a t e  i n to  th e  h y d ro p h o b ic  r e g io n  o f  th e  
b i l a y e r ,  w h ile  some p o ly p e p t id e s  sp an  th e  b i l a y e r .  The p r o t e i n s ,  
l i p i d s  and c a rb o h y d ra te s  a r e  a s y m m e tr ic a lly  d i s t r i b u t e d  in  th e  
s t r u c t u r e  and to g e th e r  form  a  m o b ile , f l e x i b l e ,  y e t  c o h e s iv e  s h e e t .
1 , 2 , 2  nmmàm L i F i p g . i n . . . p h p
1 . 2 . 2 . 1  t f f lg g L E
1 . 2 . 2 . 1 . 1  HUBCLE. B I O P S I E S
The t o t a l  c o n c e n t r a t io n  o f  p h o s p h o lip id  was r e p o r te d  to  be 
in c r e a s e d  in  DMD m u sc le  p lasm a membrane (K unze, 1 9 7 7 ). An e v a lu a t io n  
o f  th e  f r e e  f a t t y  a c id s  in  th e  t r i g l y c e r i d e  f r a c t i o n  o f  m usc le  from  
DMD p a t i e n t s  has  a ls o  been  r e p o r te d  (P e n n in g to n  j a i  a l .  ,1 9 6 6 ) , A 
d e c re a s e  i n  1 6 :0  and 2 2 :6  and an in c r e a s e  in  1 6 :1 , 18:0  and 18:1 w ere
r e p o r t e d .  Two y e a rs  l a t e r  T akag i a l  a l  (1968) r e p o r te d  a 
s i g n i f i c a n t l y  in c r e a s e d  l e v e l  o f  18:1 and d e c re a s e d  18:2  i n  PC i n  DMD 
m u sc le . S u p p o r tin g  th o s e  f i n d i n g s ,  Kunze £ 1  a l  (1975) found in c r e a s e d  
TG, w ith  d e c re a s e s  i n  PC and PE in  DMD m u sc le , P e a rc e  a l  a l  (1981) 
a ls o  found t h a t  th e  SM c o n te n t  o f  m uscle  b io p s ie s  was in c r e a s e d ,  th u s  
c o n firm in g  p r e v io u s  f in d in g s  by o th e r  g ro u p s  (Kunze a l  a l*  ,1 9 7 5 ) ,
' :é
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Figure 2. Lipids in biological membranes.
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w h i l s t  t h a t  o f  PC was found to  be d e c re a s e d  (H ughes and T a k a g i, 
1 9 7 1 ). Kunze jal. (1970) p ro p o sed  th e  d e c re a s e d  PE and in c r e a s e d
lysoPC  w ere th e  consequence  o f  an enzyme d e f e c t  i n  th e  d i s e a s e ,  A 
s i m i l a r i t y  be tw een  im m ature m usc le  and DMD m u sc le  was s u g g e s te d  by 
Hughes (1972) a s  he found an in c r e a s e  in  t o t a l  c h o le s t e r o l  and a 
d e c re a s e  in  c h o l in e  p la sm a lo g e n s  in  DMD m u sc le  b i o p s i e s .  R eg ard in g  
f a t t y  a c id  c o m p o s itio n , d i f f e r e n t  g ro u p s  r e p o r te d  d i f f e r e n t  r e s u l t s .  
Kunze £Ji. £lL (1975) found  norm al f a t t y  a c id  m o ie t ie s  in  TG, SM and PE 
o f  DMD m u sc le , b u t  n o te d  changes in  th e  PC f r a c t i o n .  A d e c re a s e  in  
18 :2  and a  c o rre s p o n d in g  in c r e a s e  in  18:1 w ere found^ S u s h e e la  (196 8) 
r e p o r te d  a  norm al f r e e  f a t t y  a c id  c o n c e n t r a t io n  i n  m usc le  b io p s i e s  o f  
DMD p a t i e n t s ,  Hughes (1972) s u g g e s te d  t h a t  th e  f a t t y  a c id  p a t t e r n  o f  
PC o f  DMD m usc le  was s i m i l a r  to  t h a t  o f  n e o n a ta l  m u sc le , i n  c o n t r a s t ,  
T akag i ^  a i . (1968) r e p o r te d  d i f f e r e n c e s  in  DMD l i p i d  c o m p o s itio n  from  
th o s e  o f  n e o n a ta l  m u sc le . C le a r ly  th e  r e s u l t s  a r e  c o n t r a d ic to r y  
be tw een  l a b o r a t o r i e s .  These d i s c r e p a n c ie s  c o u ld  a r i s e  b e c a u se  o f  th e  
h e te r o g e n e i ty  o f  m uscle  b io p s ie s  w ith  i n f i l t r a t e d  f a t  and c o n n e c t iv e  
t i s s u e  as  w e l l  a s  o th e r  v a r i a b le s  such  a s  a g e , a c t i v i t y ,  n u t r i t i o n  and 
l o c a t i o n  o f  th e  m u sc le .
1 .2 .2 ,1 .2  CULTURED MUSCLE
C u ltu re d  m uscle  has d i s t i n c t  a d v a n ta g e s  o v e r  m uscle  b io p s i e s  
s in c e  th e  p o s s i b i l i t y  e x i s t s  ( s e e  above) t h a t  m usc le  b io p s i e s  a r e  
c o n ta m in a te d  by d i f f e r i n g  am ounts o f i n f i l t r a t e d  a d ip o s e  and 
c o n n e c t iv e  t i s s u e  w hich may a c c o u n t f o r  d i s c r e p a n t  r e s u l t s  as  
s u g g e s te d  by P e a rc e  (1 9 8 1 ) , A m arked ly  in c r e a s e d  number o f
l i p i d  d r o p le t s  in  DMD m uscle  e x p la n ts  com pared w ith  c o n t r o l s  u n d e r  
i d e n t i c a l  t i s s u e  c u l t u r e  c o n d i t io n  was r e p o r te d  (B o n s e t t  e t  
â L . > 1979). B o n s e tt  (1979) a l s o  s u g g e s te d  an a b n o rm a lity  in  f a t
m e tab o lism  in  DMD s k e l e t a l  m uscle  a n d /o r  o th e r  c e l l  ty p e s .  However,
’4
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up to  th e  p r e s e n t  tim e th e r e  a r e  no p u b lis h e d  c o m p o s i t io n a l  s t u d i e s  in  
DMD c u l tu r e d  m u sc le .
1 . 2 . 2 . 2  fiEI)..BLQgD..CELI^S
S in c e  a p l a u s i b l e  u n i fy in g  e x p la n a t io n  f o r  some o r  a l l  o f  th e  
many RBC a b n o r m a l i t i e s  i s  a l t e r e d  c o m p o s itio n  and o r  o r g a n iz a t io n  o f  
th e  l i p i d  b i l a y e r  many s t u d i e s  o f  l i p i d s  have been  c a r r i e d  o u t .  Kunze 
1 (1973) r e p o r te d  a  s i g n i f i c a n t  i n c r e a s e  (P < 0 .0 5 ) i n  SM and a
d e c re a s e  (P < 0 .0 5 ) i n  a  p h o s p h o lip id  f r a c t i o n  t h a t  was th o u g h t to  be 
composed o f  PE and PS in  DMD. F u r th e r ,  th e y  found th e  f a t t y  a c id  
p a t t e r n s  o f  PE and SM w ere  s i g n i f i c a n t l y  a l t e r e d  i n  DMD. S p e c i f i c a l l y  
t h e r e  was d e c re a s e d  2 0 :4  i n  PE w h ile  i n  th e  SM f r a e t i o n  1 6 :0 , 2 0 :4  and 
18:2  w ere d im in ish e d  and th e  p e rc e n ta g e  o f  18 :0  was e le v a te d .  On th e  
o th e r  hand , Howland and I y e r  (1977) and R u ite n b e e k  (1978) r e p o r t e d  
•; t h a t  th e  c o n te n t  o f  16:1 i n  DMD i s  s i g n i f i c a n t l y  d e c re a s e d , r a i s i n g
! th e  p o s s i b i l i t y  t h a t  an a l t e r a t i o n  in  TG m eta b o lism  may be p r e s e n t  in
i DMD m em branes. However, TG i s  such  a  s m a ll  com ponent o f  th e  t o t a l
l i p i d  r a i s e s  d o u b ts  as  to  th e  s i g n i f i c a n c e  o f  th e  f in d in g  f o r  th e  
d i s e a s e .  P r o p o r t io n s  o f  f a t t y  a c id s  i n  c o rre s p o n d in g  f r a c t i o n s  i n  th e  
serum  w ere n o t  a l t e r e d ,  K a lo f o u t i s  jgji (1977) exam ined i n d iv i d u a l  
p h o s p h o lip id  c l a s s e s  and foun d  a s i g n i f i c a n t  d e c re a s e  in  PC and 
in c r e a s e d  LPC, SM and d ip h o s p h a t id y lg ly c e r o l .  O th e r s tu d i e s  w ere  
u n a b le  to  r e p o r t  any s i g n i f i c a n t  d i f f e r e n c e s  i n  SM (Howland and I y e r ,  
1977; K obayash i â L . >1978; K oski JX* » 1978; R u ite n b e e k , 1979;
M cLaughlin and E n g e l, 1 9 7 9 ). I t  was s u g g e s te d  t h a t  th e  d is c re p a n c y  in  
th e  r e s u l t s  was b e c au se  Kunze j a t  âX  (1975 ) and K a lo f o u t i s  eX âX  (1 977 ) 
d id  n o t  ta k e  p r e c a u t io n s  to  p r e v e n t  a u to o x id a t io n  w hich c o u ld  c a u se  
c o n se q u e n t s e l e c t i v e  l o s e s  o f  th e  more u n s a tu r a te d  s p e c ie s  o f  l i p i d .  
I n  a d d i t io n ,  to  c o n f irm in g  th e  norm al p h o s p h o lip id  c l a s s  c o m p o s itio n . 
H un ter £X âX (1983) s u g g e s te d  t h a t  th e  norm al a sy m m etric  o r g a n iz a t io n
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o f  membrane p h o s p h o lip id s  may be deran g ed  from  s tu d i e s  u s in g
p h o s p h o lip a s e  from  b e e  venom as a  p ro b e  o f  g ly c e ro p h o s p h o lip id
o r g a n iz a t io n .  P h o s p h o lip a s e  A^ i s  th e  enzyme which c a ta ly z e s  th e
h y d r o ly s is  o f  f a t t y  a c id s  i n  th e  2 - ( b e t a )  p o s i t i o n ,  p ro d u c in g
2 - ly s o p h o s p h a t id e s .  The c o n c e n t r a t io n  o f  l y s o l e c i t h i n  in  RBC membrane 
i s  c r i t i c a l ,  s in c e  i t  i s  th o u g h t to  be p o te n t  a g e n t  f o r  i n d u c t io n  o f  
sh ap e  changes in  RBC ( S a to ,  1 9 7 3 ). A h ig h e r  a c t i v i t y  o f  endogenous 
p h o s p h o lip a s e  A^ in  DMD RBC as  w e l l  a s  in  MyD was r e p o r te d  ( I y e r  jsJl 
aX-. >1976) .  I t s  found  an  e l e v a t i o n  o f th e  a c t i v i t y  o f  60% in  EMD and 
a s  h ig h  a s  242% i n  MyD.
1 .2 .2 .3  CULTURED SKIN_FIB£OBLAST CELLS
So f a r  o n ly  one g ro u p  h as  p u b lis h e d  d a ta  on c o m p o s itio n  o f  DMD 
used  CSFs ( K o h ls c h u t te r  jaX aX* >1976). They c la im ed  t h a t  t h e r e  was no 
a b n o rm a li ty  in  n e i t h e r  p h o s p h o lip id  c l a s s  d i s t r i b u t i o n  n o r f a t t y  a c id  
c o m p o s itio n  o f  in d iv id u a l  p h o s p h o lip id  c l a s s e s  in  DMD CSFs. The 
n o rm a l i ty  o f  p h o s p h o lip id  c l a s s  c o m p o s itio n  has a l s o  been  co n firm ed  i n  
t h i s  l a b o r a to r y  (C a rso n , 1 9 8 2 ) .
1 . 2 . 2 . 4  ADIPOSE TIS SUE
One o f  th e  w e ll  know in d ic e s  o f  human m u sc u la r  d y s tro p h y  i s  
l i p i d  a c c u m u la tio n  ( f a t  i n f i l t r a t i o n )  w i th in  m uscle  f i b r e s  (H arrim an  
and R eed, 1972) and g r o s s  f a t t y  re p la c e m e n t o f  l o s t  m uscle  (W alton  and 
G ardner-M edw in , 1 9 8 1 ). G oyle &X aX  (1973) have r e v e a le d  a s i g n i f i c a n t  
i n c r e a s e  in  TG and d e c re a s e  in  p h o s p h o lip id s  judged  by c y to c h e m ic a l  
s tu d i e s  i n  d y s tr o p h ic  m u sc le  in .  v i t r o .  A s im u lta n e o u s  i n .  v i t r o  s tu d y  
o f  su b c u ta n e o u s  a d ip o s e  t i s s u e  in  p a t i e n t s  a t  an advanced  s ta g e  o f  
m u sc u la r  d y s tro p h y  and n e u ro g e n ic  a tro p h y  re v e a le d  p oo r g row th  and a 
r e l a t i v e l y  l e s s  i n t e n s e  r e a c t i o n  f o r  p h o s p h o lip id  (G oyle eJL 
aX . >1973). R e c e n tly , B a n e r je e  and Goyle (1983) a g a in  s tu d ie d  th e
_  _ \
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l i p i d  o f  s u b c u ta n e o u s  a d ip o s e  t i s s u e  from  norm al and d y s tr o p h ic  human 
sam p les w ith  p a r t i c u l a r  r e f e r e n c e  to  th e  f a t t y  a c id  c o m p o s itio n  o f  
n e u t r a l  l i p i d s  and p h o s p h o l ip id s .  They found t h a t  th e  f r e e  f a t t y  
p a t t e r n  d id  n o t  show much c h a n g e , TG, w hich to g e th e r  w ith  c h o le s t e r o l  
composed m ost o f  th e  n e u t r a l  l i p i d  f r a c t i o n ,  showed s i g n i f i c a n t  
a l t e r e d  in  f a t t y  a c id  c o n te n ts  by g a s - l i q u i d  ch ro m ato g rap h y  (GLC). 
T here was a  d e c re a s e  in  th e  t o t a l  p h o s p h o l ip id s ,  b u t  an  in c r e a s e  in  
p r o p o r t io n  o f  SM and e th a n o la m in e  p h o s p h o g ly c e r id e s .  F a t ty  a c id  
c o m p o s itio n  o f  th e  d i f f e r e n t  p h o s p h o lip id  c l a s s e s  a n a ly z e d  by GLC 
showed s i g n i f i c a n t  c h a n g e s . I n  c h o lin e  p h o s p h o g ly c e r id e , a  l a r g e  
d e c re a s e  was found  i n  1 6 :0 , w h ile  18:1 in c r e a s e d  s i g n i f i c a n t l y  i n  DMD 
com pared w ith  c o n t r o l s .
1 .3  MEMBRANE LIPID PEROXIDATION
1 .3 .1  INTRODUCTION
The r o l e  o f  membrane l i p i d  p e r o x id a t io n  as  a  f a c t o r  i n  v a r io u s  
p a th o lo g ic a l  s t a t e s  such  a s  c h lo r in a t e d  h y d ro c a rb o n  h e p a to t o x ic i t y ,  
e th a n o l- in d u c e d  l i v e r  i n j u r y ,  a i r  p o l l u t i o n  by o x id a n ts ,  
a t h e r o s c l e r o s i s ,  c a n c e r ,  s i c k l e  c e l l  anaem ia  and m ajo r and m inor 
t h a l l a s s e m ia  h as  been  a  s u b je c t  o f  i n te n s e  i n t e r e s t  and c o n tro v e rs y  in  
r e c e n t  y e a r s .  The p o s s i b i l i t y  t h a t  l i p i d  p e r o x id a t io n  may be a  b a s ic  
mechanism  o f  c e l l  damage f o r  a  w ide sp e c tru m  o f  d i s e a s e s  h a s  been  
c l e a r l y  s u g g e s te d  from  an in c r e a s in g  number o f  a n im a l and human 
s t u d i e s .  The p u rp o se  o f  t h i s  s e c t i o n  i s  b r i e f l y  to  p o in t  o u t  s e v e r a l  
s u g g e s te d  m echanism s w hereby f r e e  r a d i c a l s  may o r i g i n a t e  and i n i t i a t e  
l i p i d  p e r o x id a t io n  r e a c t i o n s  in  a  b i o lo g i c a l  sy s tem  and a l s o  to  
i l l u s t r a t e  how a b i o l o g i c a l  sy s tem  copes w ith  b o th  en d o g en o u sly  and 
ex o g e n o u sly  in d u ce d  membrane l i p i d  p e r o x id a t io n .  S e v e ra l  te c h n iq u e s  
to  m easu re  l i p i d  p e r o x id a t io n  p ro d u c ts  w i l l  a l s o  be d e s c r ib e d .
J -l '^   \ ’
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1 .3 .2  .ÇHEMISÎRI, gF. EiEL
1 .3 .2 .1  GENERAL FEA.IÜE£S
T ap p e l (1973) b r o a d ly  d e f in e d  l i p i d  p e r o x id a t io n  as  th e  
o x id a t iv e  d e t e r i o r a t i o n  o f  PUFAs. P e r o x id a t io n  o f  l i p i d s  in v o lv e s  th e  
r e a c t i o n  o f f r e e  r a d i c a l s  w ith  PUFAs to  form  l i p i d  f r e e  r a d i c a l s  w hich 
r e a c t  w ith  0^ to  form  s e m i - s t a b le  p eroxy  r a d i c a l s  w hich th e n  p rom ote  
f r e e  r a d i c a l  c h a in  o x id a t io n s  (T a p p e l, 1 9 7 3 ) . The f r e e  r a d i c a l  c h a in  
r e a c t i o n  p ro c e e d s  in  t h r e e  d i s t i n c t  s t e p s  ( P ry o r ,  1 9 7 3 ). The f i r s t  i s  
th e  " i n i t i a t i o n ” p r o c e s s  by w hich th e  l i p i d  r a d i c a l s  a r e  g e n e ra te d .  
The seco n d  i s  a  s e r i e s  o f  " p ro p a g a tio n "  r e a c t i o n s  in  w hich th e  number 
o f  f r e e  r a d i c a l s  i s  c o n se rv e d  o r  in c r e a s e d  a s  th e  p e r o x id a t io n  
r e a c t i o n s  p ro c e e d . F i n a l l y ,  t h e r e  . i s  a  s e r i e s  o f  " te r m in a t io n "  
r e a c t i o n s  by w hich f r e e  r a d i c a l s  a r e  d e s t r o y e d .  The t h r e e  s t e p s  o f  
l i p i d  p e r o x id a t io n  a r e  d e p ic te d  below  in  a s im p l i f i e d  scheme ( F i g .3 ) .  
The i n i t i a t i o n  o f l i p i d  p e r o x id a t io n  o c c u rs  w here a hyd rogen  atom  i s  
a b s t r a c t e d  from  an u n s a tu r a te d  f a t t y  a c id  and a  f r e e  r a d i c a l  i s  form ed 
(PUFA°); p r o p a g a t io n  o c c u rs  when th e  f a t t y  a c id  p e ro x y 1 r a d i c a l  
(PUFAOO°) a b s t r a c t s  a  hy d ro g en  from  a n o th e r  PUFA (PUFAH), i t s e l f  
becom ing a  h y d ro p e ro x id e , and g e n e ra t in g  a n o th e r  f a t t y  a c id  p e ro x y l  
r a d i c a l  (PUFAOO^) a s  shown below :
BOO® \  /  R (PUFAH)
i
BOOH ^  »  B® (PUFA® r a d i c a l )
and c h a in  t e r m in a t io n  o c c u rs  w here two r a d i c a l s  m eet and end th e 1
p r o g r e s s io n ,  o r  w here a f r e e  r a d i c a l  sc a v e n g in g  a n t io x id a n t ,  e . g .  j
a lp h a - to c o p h e r o l ,  p ro v id e s  a  hyd rogen  atom  t o  b lo c k  th e  f r e e  r a d i c a l
a b s t r a c t i o n  from  a n o th e r  PUFA. 1
1 .^ .2 .2  INITIATION OF LIPID_PEROXID^TION |
The endogenous c o n c e n t r a t io n  o f  0 w i th in  m ost t i s s u e s  i s  j
— 28 a —
I N I T I A T I N G  L * *  FATTY ACID
PEROXY RAD ICAL
„ ^ . x / w v L ^ w \
X / \
Y CONJUGATED 
DIENE
Y
X /%
/  \
v / \
FATTY ACID 
PEROXIDE
X'
H LIPID HYDROPEROXIDE /
•Y
0 — 0
81 CYCLICENDOPEROXIOE
ENDOPEROXIDË PRECURSOR OF 
PROSTAGLANDINS (eg PQG2 )
MALONOIALDEHYDE (MDA)
Figure  5« Mechanism f o r  c o n v e r s i o n  o f  methyl  l i n o l e n a t e  t o  c o n ju g a te d  
hydr ope r ox ide s  and p r o s t a g l a n d i n - l i k e  e n d o p e r o x id e s , and the  
f u r t h e r  c o n v e r s i o n  o f  t h e s e  p r o s t a g l a n d i n - l i k e  e ndoperox ides  
to  form the  T B A -r eac t ive  m a t e r i a l ,  i . e .  MDA. X=(CH2 )^C02CH^, 
y=:CH^  (From Pryor and S t a n l e y ,  L ip ids  11 ( 5 )  0 7 1 ;  1976;  and 
Pryor e t  a l . . J . Org.Chem. 4 0 ( 2 4 ) : ) 6 l 6 ; 1 9 7 9 ) .
---
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F ig u re  3 . ( c o n t in u e d )
TERMINATION R E A C T IO N S
\  C RO SS LIN KS
L* + I *  -
L* + L O O *
L 0 0 * + LOO*
N O N - R A D I C A L
PR O D U C T S
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th o u g h t to  be u n s u f f i c i e n t  t o  f a c i l i t a t e  a u t o c a t a l y t i c  p e r o x id a t io n  o f  
membrane l i p i d s  (MeCay and P o y e r , 1 9 7 6 ) . However, r e c e n t  e v id e n c e  h as  
i n d ic a te d  t h a t  a  num ber o f  b i o l o g i c a l  sy stem s can  c o n v e r t  0^ to  
p o t e n t i a l l y  to x ic  s p e c i e s  o f  0^ r a d i c a l s  such  a s  s i n g l e t  oxygen (^ 0 ^ )
and s u p e ro x id e  r a d i c a l  ( 0 ~ ° ) ,  A n o th e r im p o r ta n t  a s p e c t  i s  th e' 2
d is m u ta t io n  o f  r e s u l t i n g  in  th e  p ro d u c t io n  o f  a n o th e r  p o t e n t i a l l y
to x ic  m a t e r i a l ,  H^Og. F i n a l l y ,  h e m o ly tic  f i s s i o n  o f  th e  0 -0  bond i n  
HgOg p ro d u ce s  two h y d ro x y l r a d i c a l s ,  . ^OH. H om olysis can  be a c h ie v e d  
by h e a t  o r  i o n i s in g  r a d i a t i o n  and i n  th e  p re s e n c e  o f  an i r o n  ( I I )  s a l t  
( H a l l i w e l l  and G u t te r id g e ,  1 9 8 4 ) . T hese v a r io u s  form s o f  0^ r a d i c a l s ,  
w hich a r e  p roduced  from  endogenous o x id a t io n  r e a c t i o n s  a s  w e l l  a s  
o x id a t io n  o f x e n o b io t i c s ,  a r e  c a p a b le  o f  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  
i n i t i a t i n g  p e r o x id a t io n .
The r o l e  o f  i n  th e  i n i t i a t i o n  o f  p e r o x id a t io n  r e a c t i o n s  i s  
c u r r e n t l y  s u b je c t  o f  e x te n s iv e  i n v e s t i g a t i o n .  0^^ i s  p ro d u ced  in  many 
endogenous b i o l o g i c a l  r e a c t i o n s ;  su ch  a s  a u to o x id a t io n s  o f  red u c e d  
f l a v i n s ,  h y d ro q u in o n e s  and c a te c h o la m in e s ,  and from  th e  a e r o b ic  
a c t i o n s  o f  enzymes su ch  a s  x a n th in e  o x id a s e ,  NADPH o x id a s e ,  a ld e h y d e  
o x id a s e  and s e v e r a l  f l a v i n  d e h y d ro g e n a se  (McCay jg i, â i .* i1 9 7 6 ) .  I n  
a d d i t i o n ,  i t  h a s  been  p ro p o se d  t h a t  th e  t o x i c i t y  o f  s e v e r a l  c h e m ic a ls  
i s  m ed ia te d  th ro u g h  th e  g e n e r a t io n  o f  0 ^ ° . The 0 ^  p e r  s e ,  d o es  n o t  .a
a p p e a r  to  be d i r e c t l y  in v o lv e d  in  th e  i n i t i a t i o n  o f  l i p i d  p e r o x id a t io n  
(McCay ^  Si.* » 1976) I t  sh o u ld  be n o t ic e d  t h a t  d i s m u ta t io n  o f  0 ^  
r e s u l t s  in  th e  p r o d u c t io n  o f  a n o th e r  p o t e n t i a l l y  t o x ic  s p e c i e s ,  HgOg.
In  1934 H aber and W eiss p ro p o se d  th e  f o rm a tio n  o f  ^OH (fro m  
i n t e r a c t i o n  o f w ith  H^O^), w hich i s  an  e x tre m e ly  p o te n t  i n i t i a t o r
o f  p e r o x id a t io n  r e a c t i o n s ,  by th e  fo llo w in g  r e a c t i o n ;
0“® + HgOg ----------------> °0H + 0H~ + Og
An enzym ic sy s tem  w hich in d u c e s  l i p i d  p e r o x id a t io n  a s s o c i a te d  
w ith  th e  NADPH o x id a s e  s y s te m , (NADPH-dependent l i p i d  p e r o x id a t io n )
'lit.
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was f i r s t  d e s c r ib e d  by H o c h s te in  and E r n s te r  (1963)*  I t  a p p e a rs  t h a t  
c o n c o m ita n t membrane l i p i d  p e r o x id a t io n  i s  an i n e v i t a b l e  co n seq u en ce  
o f  th e  o p e r a t io n  o f  th e  NADPH o x id a s e  sy stem  w hich o p e r a te s  in  
m icrosom es in  e . g . ;  h y d r o x y la t io n  o f  s t e r o i d s  and x e n o b io t i c s .  The 
re q u ir e m e n ts  o f  th e  NADPH o x id a s e  sy stem  in c lu d e  NADPH o x id a s e ,  i r o n  
( I I )  s a l t ,  and 0 ^ . The p ro p o sed  “m echanism  o f  NADPH-induced 
p e r o x id a t io n  (B id la c k  and T a p p e l, 1972) i s  shown in  F ig .4 a .  
G e n e ra l ly ,  i t  i n v o lv e s  c a t a l y t i c  r e d u c t io n  o f  f e r r i c  i r o n  to  f e r r o u s  
i r o n  and th e  s u b s e q u e n t  c le a v a g e  o f  p re -fo rm e d  h y d ro p e ro x id e s , 
accom panied  by F e^^  to  Fe^^ o x i d a t io n ,  to  p ro d u ce  f r e e  r a d i c a l
i n i t i a t o r s  o f  th e  p e r o x id a t io n  p r o c e s s .  As i n d ic a te d  t h i s  p r o c e s s  has 
been  shown to  o p e r a te  i n ' v iv o  b u t  i t  i s  a l s o  u sed  e x te n s iv e ly  a s  a
model sy s tem  f o r  l i p i d  p e r o x id a t io n  jjQ. v i t r o .
The may a l s o  i n i t i a t e  l i p i d  p e r o x id a t io n  th ro u g h  th e
1 f  «I *in te r m e d ia te  fo rm a tio n  o f  0^ . 0^ h as  been  d e m o n s tra te d  i n  s e v e r a l
in  v i t r o  sy s tem s to  r a p i d l y  r e a c t  w ith  PUFAs to  form  LOOHs (A nderson
&L a i . .  ,1 9 7 4 ) .  B ased upon th e  o b s e r v a t io n  t h a t
N A D P H -ox idase-ca ta lyzed  p e r o x id a t io n  o f  l i n o l e n a t e  was i n h i b i t e d  by
1 *SOD, c a  t a l a s e  (CAT), and 0^ s c a v e n g e r s ,  K e llo g g  and F r id o v ic h  (1975)
1 *p ro p o sed  t h a t  th e  H aber-W eiss  r e a c t i o n  l i b e r a t e s  0^ a s  fo l lo w s ;
0“ °  + HgOg ---------------- > °0H + OH" + ^0*
I t  has a l s o  been  shown t h a t  i r o n  and a s c o r b a te  s t i m u la t e  
p e r o x id a t io n  in  m ito c h o n d r ia l  s u s p e n s io n s  as w e l l  as m icrosom al 
p r e p a r a t i o n s  ( W i l l s ,  1972; F u j i t a ,  1972) ( F ig .4 b ) .  U n lik e  
NADPH-induced l i p i d  p e r o x id a t io n ,  t h i s  p ro c e s s  i s  non-enzym ic  s in c e  i t  
can  be shown to  o c c u r  in  s u s p e n s io n s  w hich have been  h e a t  
i n a c t i v a t e d .  The a d m in i s t r a t io n  o f  a s c o r b ic  a c id  a lo n g  w ith  i r o n  
g r e a t l y  i n c r e a s e s  l i p i d  p e r o x id a t io n  a s  com pared to  i r o n  a lo n e .  W ills  
h a s  r e p o r te d  t h a t  r a t s  i n j e c t e d  w ith  i r o n  p lu s  a s c o r b ic  a c id  show a 
74% in c r e a s e  in  h e p a t i c  m icro so m al l i p i d  p e r o x id a t io n  a s  com pared w ith
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a  14$ in c r e a s e  f o r  i r o n  a d m in i s t r a t io n  o n ly , A s c o rb a te  c o u ld  a c t  a s  a 
r e d u c in g  a g e n t  to  m a in ta in  th e  i r o n  in  th e  f e r r o u s  s t a t e .  A d d i t io n a l  
f r e e  r a d i c a l  l i p i d  p e r o x id a t io n  i n i t i a t o r s  w i l l  be p roduced  by 
enhanced  c le a v a g e  o f  h y d ro p e ro x id e  (p rom pted  by i r o n  in  f e r r o u s  s t a t e )  
a s  o c c u rs  i n  enzym ic in d u c t io n  o f  l i p i d  p e r o x id a t io n .  As f o r  NADPH 
o x id a s e  sy s te m , a s c o r b a te /F e ^ * ,  in  a d d i t io n  to  s t im u la t in g  jja  v iv o  
l i p i d  p e r o x id a t io n  has  a l s o  been  much used  a s  an in  v i t r o  model f o r  
l i p i d  p e r o x id a t io n  in d u c t io n .
1 .3 .2 .3  FHHTHER REACTIONS LIPID PEROXIDATION PRODUCTS
L ip id  p e r o x id a t io n  o f  PUFAs in  b i o l o g i c a l  t is s u e s /m e m b ra n e s  
r e s u l t s  i n  th e  fo rm a tio n  o f  f r e e  r a d i c a l  i n te r m e d ia te s  and c a rb o n y l 
compounds as  b y -p ro d u c ts  ( L i l l a r d  and Day, 1965) ( F i g . 5 ) .  R e a c tio n  o f 
f a t t y  a c id  c o n ju g a te d  d ie n e  (CD) w ith  0^ y i e l d s  t h e  c o rre s p o n d in g  
p e ro x y l  r a d i c a l  (PUFAOO°) and  c h a in  p ro p a g a t io n  e n s u e s ,  le a d in g  to  
u l t i m a t e l y  to  d e g ra d a t io n  o f  th e  l i p i d  to  w ide ra n g e  o f  p ro d u c ts  
in c lu d in g  a ld e h y d e s  ( e . g .  MDA) and h y d ro c a rb o n  g a s e s  su ch  a s  p e n ta n e  
and e th a n e  ( s t a b l e  p r o d u c t s ) .  I n  c o n t r a s t ,  f r e e  f a t t y  p e ro x y l  r a d i c a l  
a r e  a b le  to  i n t e r a c t  each  o th e r  le a d in g  to  membrane p h o s h o lip id  
damaged a t  th e  end as w e l l  as o th e r  com ponents ( p r o t e i n s ,  
SH-m embrane-bound enzym es) a s  r e s u l t  o f  l i p i d - l i p i d  and l i p i d - p r o t e i n  
c r o s s - l i n k e d ,  r e s p e c t i v e l y  ( I n g o ld ,  1 9 6 9 ).
M alona ldehyde  (m alondialdehyde-M D A ) i s  one o f  th e  com plex 
m ix tu re  o f  c a rb o n y l  compounds (D ah le  &L &L. ,1 9 6 2 ) .  S e v e ra l  o th e r  
c a rb o n y l  compounds a r e  n - a lk a n a l s  ( p r o p a n a l ,  b u ta n a l  p e n ta n a l ,  
h e x a n a l ) ,  a lk - 2 - e n a l s  (n o n e n a l ,  l i n d e c e n a l ) ,  a lk - 2 ,4 - d i e n a l s  
( h e p ta d ie n a l  and n o n a d ie n a l ) ,  and 4 -H y d ro x y a lk -2 -e n a ls  ( H y d ro x y c te n a l, 
H y d ro x y n o n en a l, H ydroxyundeoenal) ( E s te r b a u e r  £JL a l . ,1 9 8 2 ; 1 9 8 4 ).
R e la t iv e  p r o p o r t io n  d i f f e r  w ith  l i p i d  c o m p o s itio n  o f  p e ro x id is e d  
m em brane. The g r e a t e r  th e  d e g re e  o f  f a t t y  a c id  u n s a tu r a t i o n ,  th e
J
-  51 a
R (P U F A )
I N I T I A T I O NXH ^  
(UNSTABLE) R'
R'* (CONJUGATED DIENE)(STABLE)
POLYMERIC*PEROXIDES ROO
PROPAGATION
SHORT-CHAIN HYDROCARBON e  g PENTANE
ALDEHYDES e . g  MDA METHIONINEOXIDATION
C R O S S -  LINKED L IP ID S  , PROTEIN PROTEINDAMAGE
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(PUFA) l ip id  production p ro d u cts .
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f a s t e r  th e  r a t e  o f  fo rm a tio n  and th e  g r e a t e r  th e  amount o f  MDA
form ed . MDA i s  a  v e ry  r e a c t i v e  b i f u n c t io n a l  m a t e r i a l .  I t  was shown
to  r e a c t  w ith  and c r o s s - l i n k  amino compounds by C raw ford &X. &L
( 1967) .  T h is r e a c t i o n  damaged p r o t e i n s  ( e s p e c i a l l y  SH-enzymes) and 
n u c le ic  a c id s  (DNA,RNA). Ohio and T appel (1969) have shown t h a t  
c o n c o m ita n t w ith  th e  l o s s  o f  p r o t e i n  and enzyme a c t i v i t y  was th e  
a p p e a ra n c e  o f  a  f l u o r e s c e n t  ch rom ophore. The f lu o r e s c e n t  chromop h o re , 
R-N=CH-CH=CH-NH-R* d e v e lo p s  from  th e  c r o s s - l i n k in g  r e a c t i o n  o f  MDA 
w ith  many b i o l o g i c a l l y  im p o r ta n t  am in es , in c lu d in g  RNA, DNA, p r o t e i n ,  
enzymes and p h o s p h o lip id s  (T a p p e l ,  1 9 7 3 ). These f l u o r e s c e n t  m a te r i a l s  
a r e  i d e n t i c a l  w ith  th e  "ag e"  p ig m e n ts  l i p o f u s c i n  and c e ro id  p ig m en ts  
w hich have b een  re c o g n is e d  h i s t o l o g i c a l l y  f o r  a  lo n g  tim e  a s  s ig n s  o f  
t i s s u e  a g e in g  o r dam age. B ecause t h e r e  p igm en ts  a r e  an end p ro d u c t o f  
l i p i d  p e r o x id a t io n  and a r e  n o t  e a s i l y  removed from  c e l l s ,  th e y
r e p r e s e n t  a  c u m u la tiv e  in d ex  o f  th e  am ount o f  l i p i d  p e r o x id a t io n  w hich 
h as  o c c u r r e d .  The m ajo r deimage s i t e s  a r e  th e  s u b c e l l u l a r  o r g a n e l le  
m em branes.
F u r th e r ,  r e a c t i o n  o f  m e th io n in e  w ith  ^0* ( H i l l e r  e t  a l . .1981) 
i n  th e  m e th io n in e  o x id a t io n  pathw ay y i e l d s  i t s  s u l f o x id e  w ith  f l a v i n s ,  
u n d e r some c o n d i t io n s ,  m e th io n a l  i s  th e  p ro d u c t ( F o o te ,  I 98I ) .  The 
d e g ra d a t io n  o f  m e th io n in e  by su ch  o x id a t io n  i s  r e s p o n s ib le  f o r  th e  th e  
l o s s  o f  a c t i v i t y  o f  s e v e r a l  im p o r ta n t  enzym es, a l t e r e d  o r  damaged 
p r o t e i n s  and u l t i m a t e l y  damage to  th e  w hole c e l l  e s p e c i a l l y  th e  p lasm a 
membrane,
1 . 3 .3  MEASUREMENT OF LIPID PEROXIDATION
D e s p i te  t h e i r  w ide a p p l i c a t i o n  in  In  v i t r o  s t u d i e s ,  U.V a s sa y  
and TEA a n a ly s i s  may n o t  be e n t i r e l y  s u i t a b l e  f o r  a b s o lu te  JLrL v iv o  
m easu rem en t. P ro d u c ts  o f  l i p i d  p e r o x id a t io n  may e x i s t  a t  v e ry  low 
c o n c e n t r a t io n  i n  v iv o . CD and MDA a r e  u n s ta b le  p ro d u c ts  and known to
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be r a p id ly  m e ta b o liz e d  i n  v iv o  (Trom bly n t  n l . ,1975) a s  w e l l  as  to  
r e a c t  w ith  t i s s u e  com ponents (O hio and T a p p e l, 1 9 6 9 ), th u s  m aking in  
v iv o  m easurem ents w ith  t h i s  a s sa y  te n o u s  a t  b e s t .  T h is  p rob lem  may be 
o f  p a r t i c u l a r  im p o r ta n t  in  s i t u a t i o n s  w here i n  v iv o  l i p i d  p e r o x id a t io n  
i s  p ro c e e d in g  a t  r a t e s  s l i g h t l y  above endogenous p e r o x id a t io n  r a t e s ,  
su ch  as m igh t o c c u r  in  d i s e a s e  s t a t e s  o r  w ith  r e p e a te d  low d o se  
e x p o s u re s  to  p e r o x i d a t i o n - i n i t i a t i n g  x e n o b io t ic s .  T h e re fo re ,  th e  
f a i l u r e  to  d e t e c t  CD and T B A -reac ting  s u b s ta n c e s  i n  an i n  v iv o  
e x p e r im e n t c a n n o t be re g a rd e d  a s  e v id e n c e  f o r  th e  a b sen c e  o f  l i p i d  
p e r o x id a t io n  t i s s u e  dam age.
B e s id e s  low  c o n c e n t r a t io n  and t r a n s i e n t  n a tu r e  o f  
i n te r m e d ia t e s ,  t h e  m u l t i p l i c i t y  o f  p ro d u c ts  i s  a l s o  o f  g r e a t  
im p o rta n c e  to  th e  m easurem ent o f  l i p i d  p e r o x id a t io n .  F o r exam p le , i t  
h a s  been  shown t h a t  a u to x id iz e d  l i n o l e i c  a c id  ( 1 8 :2 )  c o n ta in s  a t  l e a s t  
n in e  breakdow n p r o d u c ts  t h a t  g iv e  a p o s i t i v e  re s p o n s e  in  TBA r e a c t i o n  
when s tu d ie d  on TLC p l a t e s  ( G u t te r id g e  e t  a l . ,197% ). As a  r e s u l t ,  
w h e th e r  th e  TBA r e a c t i o n  i s  pe rfo rm ed  on b i o lo g i c a l  sam p les  i t  i s  
d e m o n s tra t in g  p r i n c i p a l l y  MDA o r  "MDA.-like” s u b s ta n c e s ,  o r  
d e c o m p o s itio n  p r o d u c ts  t h a t  a r i s e  d u r in g  th e  h e a t in g  s ta g e  o f  th e  
r e a c t i o n  o f  th e  t i s s u e  w ith  TBA. The s p e c i f i c i t y  o f  th e  TBA r e a c t i o n  
f o r  MDA h as  been  q u e s t io n e d  s e v e r a l  tim es  ( S l a t e r ,  1972; E s te r b a u e r ,  
1 9 8 4 ). S e v e ra l  te c h n iq u e s  f o r  m easurem ent o f  l i p i d  p e r o x id a t io n  have 
b een  a p p l i e d .  F ig ,  6 i s  a  s im p l i f i e d  scheme show ing some o f  t h e s e ,
1 .3 .3 .1  COmUGATED DIENE (U.V ABSORPTION)
CDs a r e  form ed i n  th e  i n i t i a t i o n  r e a c t i o n s  o f  PUFA p e r o x id a t io n  
and e x h i b i t  s p e c t r a  c h a r a c te r iz e d  by an i n te n s e  a b s o r p t io n  a t  233nm 
(U.V a b s o rp t io n )  and a  s h o u ld e r  due to  k e to n e  d ie n e s  i n  th e  r e g io n  o f  
260-280nm (H olm an, 1 9 5 4 ). T h is  method h as  been  u sed  s a t i s f a c t o r i l y  
f o r  th e  n o n - s p e c i f i c  d e m o n s tra t io n  o f  j j i  v iv o  l i p i d  p e r o x id a t io n  
(R eck n ag e l and G h o sh a l, 1 9 6 6 ). However, l a t e r .  W a lle r  and R ecknagel
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F igu re  6 .  Summary o f  th e  d i r e c t  and i n d i r e c t  methods a v a i l a b l e  f o r  
the  d e t e c t i o n  and measurement o f  l i p i d  p e r o x i d a t io n .
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(1 9 7 7 )  d e s c r i b e d  a  m ethod  f o r  s p e c i f i c  q u a n t i t a t i v e  a n a l y s i s  i n  v iv o ,
14u t i l i z i n g  t e t r a c y a n o e th y le n e -  C in  a  D ie ls - A ld e r  c o n d e n s a t io n
r e a c t i o n  to  t r a p  CDs. T hus, t h i s  method may p ro v e  to  be an a d d i t i o n a l  
v a lu a b le  t o o l  f o r  th e  s tu d y  o f  th e  p a th o lo g y  o f  in  v iv o  l i p i d  
p e r o x id a t io n .
1.3 .3 .2  mà.A^SàI
S e v e ra l  m e th o d o lo g ie s  have b een  d e v e lo p e d  vrtiich p e rm it  th e  
m easurem ent o f  l i p i d  p e r o x id a t io n  o c c u r r in g  i n  b i o l o g i c a l  s y s te m s .
Among them , th e  t h i o b a r b i t u r i c  a c id  (TBA) t e s t  i s  p ro b a b ly  th e  m ost 
commonly u sed  m ethod o f  m easu rin g  l i p i d  p e r o x id a t io n  i n  p u re  l i p i d s  
and in c u b a te d  t i s s u e  s u s p e n s io n s  owing to  i t s  c o n v e n ie n c e  and h ig h  
s e n s i t i v i t y .  The TBA r e a c t i n g  s u b s ta n c e  i s  g e n e r a l l y  th o u g h t t o  be 
MDA (Yu and S in n h u b e r , 1964; Bus and G ib so n , 1 9 7 9 ) . U s u a l ly , t h e  TBA 
t e s t  in v o lv e s  m easu rin g  th e  r e d - p in k  s o l u t i o n  a b s o r p t io n  maximum a t  
532nm. Red chrom ogen i s  form ed due to  c o n d e n s a t io n  o f  TBA w ith  MDA 
when b o i le d  (100°C ) i n  a c id  (1 5 -4 5  m in u te s )  m ix tu re .  R eg ard in g  
r e a c t i o n  o f  TBA w ith  o th e r  c a rb o n y l com pounds, Asakawa and M a ts u s h ita  
(1980) r e p o r t e d  t h a t ,  a lth o u g h  a lk - 2 ,4 - d i e n a l s  ( h e p ta d ie n a l  and 
n o n a d ie n a l)  r e a c t  p o s i t i v e l y  w ith  TBA and form ed th e  re d  p ig m e n t, t h i s  
i s  p ro b a b ly  due to  f u r t h e r  o x id a t io n  o f  th e s e  a l k - 2 ,4 - d i e n a l s  t o  MDA 
and as s u g g e s te d  by th e  e a r l i e r  f in d in g s  ( P a t to n  and K u r tz , 1 9 5 5 ).
F u r th e r ,  E s te r b a u e r  (1982) found t h a t  m ajo r c a rb o n y l  p r o d u c ts  o f 
p e r o x id a t io n  ( n - a lk a n a l s  and 4 - h y d ro x y a lk -2 -e n a ls )  gave  much s m a l le r  
m o la r a b s o r p t io n  c o e f f i c i e n t s  th a n  found w ith  MDA. S in n h u b e r and Yu 
(1958) c r y s t a l l i s e d  th e  TBA chrom ogen d e r iv e d  from  r a n c id  salm on o i l  
and found  i t  was i d e n t i c a l  w ith  an MDA-TBA com plex i n  w hich two TBA I
m o le c u le s  a r e  l in k e d  by one o f  th e  d ia ld e h y d e s .  F o rm a tio n  o f  MDA and {
I
t h e  TBA-MDA a d d u c t  u n d e r  th e  c o n d i t i o n s  o f  t h e  TBA t e s t  a r e  show n i n  j
F i g . 7 .»  w h ich  a l s o  i l l u s t r a t e s  th e  im p o r t a n t  p o i n t  t h a t  i n t e r m e d i a t e s  I
-  M a
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tr iene  system (18:3)Y = {CH2)6EÛ2CH3
F igure  7 .  Formation o f  m alond ia ldehyde  (MDA) and th e  TBA-MDA
under the  c o n d i t io n  o f  th e  t h io b a r b i t u r i c  ac id  (TBA) 
t e s t  (From Pryor and S t a n le y ,  L ip ids 11( 5 )^571;  1976) .
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i n  th e  p ro c e s s  o f  l i p i d  p e r o x id a t io n  w i l l  a l s o  decom pose u n d e r th e  
c o n d i t io n s  o f  th e  t e s t  to  l i b e r a t e  MDA i . e .  th e  TBA t e s t  d o es  n o t  
u s u a l ly  m easure  f r e e  MDA u n le s s  a  p r io r  l i p i d  e x t r a c t i o n  s te p  i s  
p e rfo rm e d .
1 .3 .3 .3  FLUORESCENT PR.QPU.CTS
S in c e  MDA i t s e l f  i s  a  v e ry  r e a c t i v e  m a te r i a l  and i s  known to  
make c r o s s - l in k a g e s  w ith  p r o t e i n s  and o th e r  c e l l u l a r  c o n s t i t u a n t e s  
co n ta in in g -N H g  g ro u p s , ( e . g .  p h o s p h o lip id  such  a s  PE and P S ) ( F ig .8) 
t o  form  f l u o r e s c e n t  p r o d u c t s ,  th e  d e t e c t i o n  o f  l i p i d  p e r o x id a t io n  in  
b i o l o g i c a l  t i s s u e s  by f lu o r e s c e n c e  has  been  u sed  to  q u a n t i ty  th e  
p r o c e s s  and i s  found to  be 10 to  100 t im e s  more s e n s i t i v e  th a n  th e  TBA 
t e s t  (Trom bly and T a p p e l, 1 9 7 5 ). These p ig m en ts  ( g e n e r a l  s t r u c t u r e  
R-N=CH-CH=CH-NH-R' )  have  an e x c i t a t i o n  maximum a t  370-470nm and a 
f lu o r e s c e n c e  maximum a t  450-470nm . They a r e  f a l l  i n t o  two s o l u b i l i t y  
c l a s s e s ;  l i p i d  s o lu b le  and w a te r  s o lu b le .  The w a te r  s o lu b le  form s a r e  
p ro b a b ly  d e r iv e d  from  a m in e -c o n ta in in g  m o le c u le s  su ch  a s  amino a c id s ,  
p r o t e i n s ,  n u c le ic  a c i d s ,  e t c ,  W iich have r e a c te d  w ith  c a rb o n y ls  
d e r iv e d  from  p e r o x id iz in g  PUFAs. Aqueous e x t r a c t s  o f  p e r o x id iz in g  
t i s s u e s  c o n ta in  o th e r  f l u o r e s c e n t  w a te r  s o lu b le  compounds such  a s  
f l a v i n s ,  re d u c e d  p y r id in e  n u c le o t id e s ,  p r o t e i n s  as  w e ll  as 
c a rb o h y d ra te  o r i g i n ,  w hich a r e  d i f f i c u l t  to  rem ove. B ecause o f  th e s e  
i n t e r f e r i n g  com pounds, th e  u se  o f  aqueous e x t r a c t s  i s  l im i t e d  m ain ly  
to  jjo. v i t r o  model sy s te m s  w here i n t e r f e r i n g  f lu o r e s c e n t  compounds a r e  
ex c lu d e d  o r  a r e  p r e s e n t  a t  low l e v e l s  ( F l e t c h e r  e t  a l . .1 9 7 3 ) . L ip id  
e x t r a c t s  g iv e  l i p i d - s o l u b l e  f lu o r e s c e n t  d e r iv e d  o n ly  from  l i p i d  
p e r o x id iz in g  s y s te m s . They have f lu o r e s c e n c e  a b s o r p t io n  maxima in  th e  
420 -47Onm r e g io n  and e x c i t a t i o n  maxima in  th e  340-370nm  r e g io n .  L ip id  
e x t r a c t s  from  membranes have two ty p e s  o f  i n t e r f e r i n g  f l u o r e s c e n t  
compounds, r e t i n o l  and f l a v i n s .  R e t in o l  h as  f lu o r e s c e n c e  in  th e  475nm
- - - ■» "' ■- -I
)5a -
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r e g io n  and e x c i t a t i o n  a t  280 , 350 and 450nm r e g io n s .  The f l a v i n
compounds (p ro b a b ly  l i p o f l a v o p r o t e i n s )  a r e  e a s i l y  rem oved from  th e  
c h lo ro fo rm  l a y e r  e x t r a c t s  by th e  w a ter-w ash  s te p  o f  th e  e x t r a c t i o n  
p ro c e d u re .  R e t in o l  i s  a  f a t  s o lu b le  compound t h a t  i s  n o t  rem oved 
d u r in g  th e  w a te r-w ash  s t e p .  An e f f e c t i v e  way to  remove r e t i n o l
f lu o r e s c e n c e  i s  to  ex p o se  th e  c h lo ro fo rm -r ic h  l a y e r  e x t r a c t  to  
h ig h - d e n s i ty  U.V f o r  30 s e c o n d s . However, in  many b i o lo g i c a l  sy s te m s  
th e  c o n c e n t r a t io n  o f  r e t i n o l  i s  s u f f i c i e n t l y  low as  to  g iv e  n e g l i g i b l e  
i n t e r f e r e n c e .
1 .3 .3 .4  HYDROCARBON GASES
S e v e ra l  r e p o r t s  have a p p e a re d  i n d ic a t i n g  th e  u s e f u ln e s s  o f  th e  -•
m easurem ent o f  th e s e  g a s e s  as an in d ex  o f l i p i d  p e r o x id a t io n  in  
b i o lo g i c a l  sy s tem s ( D i l l a r d  e t  a l . .1 9 7 8 ) . E v o lu tio n  o f  h y d ro c a rb o n s  
jjQL v iv o  a s  a  r e s u l t s  o f  l i p i d  p e r o x id a t io n  was f i r s t  r e p o r te d  by R i le y  
a l . , (1974) who found  t h a t  h y d ro ca rb o n  g a s e s  o f  lo w e r m o le c u la r
w e ig h t w ere r e l e a s e d  upon t r e a tm e n t  o f  m ice w ith  CCl^. E vans e t  a l  
(1967) v i s u a l i s e d  a  g e n e r a l  r o u te  f o r  th e  fo rm a tio n  o f  th e s e  g a s e s  a s  
shown below :
Ï   ----------> *  ” ■ ) HjCHR *
' o“
H y d ro p ero x id e  d e c o m p o s itio n  to  LO^ th e  key s te p  in  th e  p roposed  schem e j
w hich i s  fo llo w e d  by b e t a - s c i s s i o n  and hydrogen  a b s t r a c t i o n  r e s u l t i n g  
in  th e  fo rm a tio n  o f  h y d ro c a rb o n  g a s e s .  B e ta - s c i s s io n  o f  th e  L0° i s  a  
w e l l  known p ro c e s s  (T a p p e l ,  1975) and in v o lv e s  u n p a ir in g  o f  e l e c t r o n s  
i n  th e  bond lo c a te d  b e ta  to  th e  f r e e  r a d i c a l .  The f a c t  t h a t ,  in  
b i o lo g i c a l  s y s te m s , t r a n s i t i o n  m e ta ls ,  p a r t i c u l a r l y  th e  i r o n  and
c o p p e r c a t a l y s t s  a r e  p r e s e n t  m o s tly  in  h ig h e r  o x id a t io n  s t a t e s ,  W iich
,1
• 4h e lp  to  form  th e s e  g a s e s  in  r e l a t i v e l y  g r e a t e r  am ounts, s u p p o r t s  th e  |
:
■. J
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above m echanism .
T h is  m ethod i s  a l s o  fa c e d  s e v e r a l  d is a d v a n ta g e s .  C o n c e n tra tio n  
o f  h y d ro c a rb o n  g a s e s  a r e  v e ry  low . T hus, i t  may n o t  ea sy  to  m o n ito r  
by GLC. S e c o n d ly , d e te r m in a t io n  o f  g a s e s  m igh t be c o n ta m in a te d  by 
e n v iro n m e n ta l  p o l l u t i o n  e s p e c i a l l y  from  a u to m o b ile  e x h a u s t  (sm oke) and 
i n d u s t r i e s .  F i n a l l y ,  i t  may a l s o  be n e c e s s a ry  to  p r o h ib i t  th e  
l i g h t i n g  o f  bu n sen  b u r n e r s  i n  a  l a b o r a to r y ,  as  th e y  a r e  so u rc e  o f  
h y d ro c a rb o n s  (C ohen, 1 9 7 9 ) .
1 .3 .3 .5  LOSS OF POLYUNSATURATED FATTY ACIDS (GLC)
T h is  method in v o lv e s  th e  d e te r m in a t io n  o f  t o t a l  f a t t y  a c id  
c o m p o s itio n  o f  th e  t i s s u e  l i p i d  by GLC b e fo r e  and a f t e r  l i p i d  
p e r o x id a t io n .  I t  was f i r s t  d ev e lo p ed  by May and McCay (1968) who 
r e p o r te d  th e  l o s s  o f  PUFA m o ie t ie s  as a  good in d e x  f o r  th e  d e t e c t i o n  
and m easu rem en t o f  l i p i d  p e r o x id a t io n .  A m ajo r a d v a n ta g e  o f  t h i s  o v e r  
o th e r  m ethods i s  t h a t  i t  in v o lv e s  a  d i r e c t  a n a ly s i s  o f  th e  t i s s u e  
l i p i d s  th e m se lv e s  as opposed  to  th e  d e t e c t i o n  o f  p ro d u c ts  r e s u l t i n g  
from  p e r o x id a t io n .  I n  t h i s  r e s p e c t ,  t h i s  m ethod p ro v id e s  one o f th e  
m ost d i r e c t  m ethods f o r  th e  d e t e c t i o n  and m easu rin g  th e  e x te n t  o f  
l i p i d  p e r o x id a t io n  in  b i o lo g i c a l  s y s te m s . However, i t  i s  r e l a t i v e l y  
i n s e n s i t i v e  and s u b je c t  to  e r r o r  due to  l o s s e s  o f  PUFA d u r in g  h a n d lin g  
and a n a l y s i s .
1 .4  CELLULAR PATHOLOGY. DUE_TQ. LIPJD. PEROXIDATION
D uring  l i p i d  p e r o x id a t io n ,  a  s a tu r a t e d  c a rb o n  no lo n g e r  
s e p a r a te s  th e  two c a rb o n s  w ith  u n s a tu r a te d  bonds and t h i s  i s  r e f e r r e d  
t o  as  c o n ju g a t io n ;  R0°, a r e  p r e s e n t  and r e a c t  to  form  p e ro x id e s ,  ROOR, 
th e re b y  l in k in g  two a d ja c e n t  f a t t y  a c id s  i n  an abnorm al bond; m o b ile  
°0H a r e  form ed as  th e  r e s u l t  o f  h y d ro p e ro x id e  s c i s s i o n ;  h y d ro g en s  a r e  
th e n  a b s t r a c t e d  by CH, p o s s ib ly  from n e ig h b o r in g  l i p i d  and p r o te in
-  38 -
m o le c u le s , r e s u l t i n g  i n  l i p i d - p r o t e i n ,  l i p i d - l i p i d  and p r o t e i n - p r o t e i n  
c r o s s - l i n k in g  (M enze l, 1976) ( F i g . 9 ) .  A b s tra c te d  h y d ro g en s  r e a c t  w ith  
°0H to  form  w a te r  i n  th e  h y d ro p h o b ic  m idzone; f r a g m e n ta t io n  o f  f a t t y  
a c id  t a i l s  o c c u rs  w ith  e v e n tu a l  p r o d u c t io n  o f  n e g a t iv e ly  c h a rg e d  
c a rb o x y l ic  a c id  g ro u p s . T hese i n t e r a c t i o n s  s u f f i c i e n t l y  a l t e r  th e  
l i p i d  e n v iro n m en t to  a f f e c t  a c t i v i t y  and s t r u c t u r e  o f  m em brane-bound 
enzym es. F ig .  1 0 .shows a s c h e m a tic  d raw ing  o f  some o f  th e  v a r io u s  
ty p e s  o f  m o le c u la r  damage to  biom em brane com ponents ( e . g .  
m em brane-bound enzym es) a s  a  r e s u l t  o f  th e  p ro p a g a t io n  o f  p e r o x id a t io n  
o f  th e  PUFA in  th e  p h o s p h o l ip id s .  The SH-enzymes a r e  m ost s u s c e p t ib l e  
to  i n a c t i v a t i o n  by l i p i d  p e r o x id a t io n  (C hio  and T a p p e l, 1 9 6 9 ), w hich 
may o c c u r  e i t h e r  by an a l t e r a t i o n  o f  membrane l i p i d  s t r u c t u r e  and 
o r g a n iz a t io n  by c r o s s - l i n k i n g  r e a c t i o n s  o r by SH -group o x id a t io n .  
T hus, th e  c e l l u l a r  p a th o lo g y  o f  l i p i d  p e r o x id a t io n  a t  th e  membrane 
l e v e l  i s  e x c e e d in g ly  com plex and in v o lv e s  n o t  o n ly  th e  u n s a tu r a te d  
l i p i d s  b u t  a l s o  th e  many d i f f e r e n t  p r o te in s  t h a t  a r e  an i n t e g r a l  p a r t  
o f  m em branes. R ouser Ê i. â l .  (1968 ) r e p o r te d  t h a t  a  h ig h  p r o p o r t io n  o f  
PUFAs w ere found in  m ito c h o n d r ia  and SR m em branes. C o n se q u e n tly , 
th e s e  membranes a r e  h ig h ly  s u s c e p t ib l e  to  l i p i d  p e r o x id a t io n  dam age. 
B e s id e  t h a t ,  some o f  th e  m ost p o te n t  c a t a l y s t s  in v o lv e d  i n  l i p i d  
p e r o x id a t io n ,  c o o rd in a te d  i r o n  and h e m e p ro te in s , a r e  found  i n  c lo s e  
a s s o c i a t i o n  w ith  th e s e  membranes (T a p p e l, 1973)- O th e r  exam p les o f  
c e l l  i n ju r y  a s s o c i a te d  w ith  th e  o c c u rre n c e  o f  l i p i d  p e r o x id a t io n  
in c lu d e  RBC h e m o ly s is  i n  v i ta m in  E - d e f ic ie n c y  (B row n lee  jsL a L . ,1 9 7 7 ) , 
m icrosom al membrane enzyme a c t i v i t y  le a d in g  to  f r e e  r a d i c a l  d i s r u p t i o n  
o f  th e  m icrosom al membrane (A rchakov and K u rz in a , 1973) and th e  
breakdow n o f  ly so so m a l membranes (W il ls  and W ilk in so n , 1966) w ith  
r e s u l t a n t  i n t r a c e l l u l a r  r e l e a s e  o f  p r o t e o l y t i c  enzym es, v h ic h  in  tu r n  
i n i t i a t e  random h y d r o ly s i s  o f  s u b c e l l u l a r  s t r u c t u r e s  and compounds 
( F i g . 1 1 ) .  F u r th e rm o re , one o f  th e  p ro d u c ts  o f l i p i d  p e r o x id a t io n ,  MDA
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M g u r«  9 .  C o n c» p tu » l d e p ic t lc m  o f  c o i» K iv in c «  o f  i m b m t  l i p i d  p » x o » ld « i l i» .  Dpp»r 
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pe ro lid im m d  mmmhrmne, w ith  l i p i d - l i p i d  add l ip id - p r o tm ih  c r o a m - l in k i ,  and 
loam o f  am ab rm e  p r o t e in  a t m c t u r a l  c o n f o r a e t ic o  (red raw n  free . H e n a e l ,197$ ) .
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mRNA
RNA
D N a s e •> DNA
LYSOSOME ■
W IT H  M E M 3R A N E  
R U PT U R E D  BY 
L I P I D  P E R O X ID A T IO N S . E . R
K f u r e  1 1 . S c h e a a t lc  i l l n e t r a t i c o  o f  t h e  c o n c e p t o f  . a ip U f I c a t io o  o f  l i p i d  p e r o r i d a t i c  
dM iege th ro n p h  th e  r e l e e e e  o f  ly e o e o a e l  h j d r o l y t i c  en tym ee. She r e l e w e  o f  
I j re o a o e e l h y d r o ly t i c  eo tym ee . I h e  r e l e e e e  o f  eoeyaee  i n l t i e t e  random 
h y d r o ly e ie  o f  e u b c e l l n l e r  e t r u c t u r e e  and co ap o o eB ta .
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, has been d e m o n s tra te d  to  be c a rc in o g e n ic  in  m ice (S ham berger e t  
ai.» ,1974) a s  w e l l  a s  to  be m u tag en ic  in  th e  Ames sy stem  m u ta g e n ic i ty  
t e s t  (M ukai and G o ld s te in ,  1 9 7 6 ). A l l  above exam ples s e rv e  to  
d e s c r ib e  th e  p ro b a b le  w ide sp ec tru m  o f  c e l l u l a r ,  membrane and 
m o le c u la r  p a th o lo g y  t h a t  may o c c u r as  a  co n seq u en ce  o f  p e r o x id a t io n  o f  
membrane PUFAs, I t  sh o u ld  be s t r e s s e d  t h a t ,  a lth o u g h  f r e e  r a d i c a l  
i n i t i a t i o n s  a r e  b e in g  p roduced  c o n tin u o u s ly  in  c e l l s  by b o th  enzym ic 
and non-enzym ic r e a c t i o n s ,  damage d o es  n o t  u s u a l ly  o c c u r  owing to  th e  
o p e r a t io n  o f  s e v e r a l  com plex p r o t e c t i o n  m echanism s ( s e e  b e lo w ). 
P a th o lo g ic a l  changes r e s u l t  from  l i p i d  p e r o x id a t io n  in  two k in d  o f  
s i t u a t i o n  ( i )  d e f i c ie n c y  in  one o r  more o f  th e s e  d e fe n c e  m echanism s; 
( i i )  a b n o rm a lly  in c r e a s e d  p r o d u c t io n  o f  f r e e  r a d i c a l s  w hich "scram p" 
th e  d e fe n c e  m echan ism s,
1 ,5  DEFENCES AGAIN5T_LIPID PEROXIDATION
1 .5 .1  ENZJMES
1 .5 .1 .1  SHfMD)[ID£-JISMUTASE
The enzyme s u p e ro x id e  d ism u ta s e  (SOD) ( s u p e ro x id e  
o x id o re d u c ta s e ,  EC 1 .1 5 .1 .1 )  i s  b e l ie v e d  to  be p r e s e n t  in  a l l  0^ 
m e ta b o liz in g  c e l l s  b u t  la c k in g  in  m ost o b l ig a t e  a n a e ro b e s , p resu m ab ly  
b e c a u se  i t s  p h y s io lo g ic a l  f u n c t io n  i s  to  p ro v id e  a  d e fe n c e  a g a in s t  th e  
p o t e n t i a l l y  dam aging r e a c t i v i t y  o f  th e  g e n e ra te d  by a e ro b ic
m e ta b o lic  r e a c t i o n s  ( F ig s .  12 and 1 3 ) , T hree d i s t i n c t  ty p e s  o f  SOD 
have been  d e s c r ib e d  ( F r id o v ic h ,  1 9 8 2 ). They a l l  c a ta ly z e  th e  same 
r e a c t i o n  and do so  w ith  co m p arab le  e f f i c i e n c y .  The i r o n - c o n ta in in g  
(FeSOD) and m a n g a n e s e -c o n ta in in g  (MnSOD) enzymes a r e  c h a r a c t e r i s t i c  o f  
p ro k a ry o te s  and a r e  c lo s e l y  r e l a t e d ,  a s  shown by hom olog ies  in  t h e i r  
amino a c id  s e q u e n c e s . The enzymes t h a t  c o n ta in  b o th  c o p p e r  and z in c  
(CuZnSOD) a r e  c h a r a c t e r i s t i c  o f  e u k a ry o te s  and a p p e a r  to  have ev o lv ed  
in d e p e n d e n tly ,  s in c e  th e y  have  no seq u en c e s  hom ologous to  th o s e  o f
-  59a _
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FeSOD and MnSOD (S te ln m a n  and H i l l ,  1 9 7 3 ). The b i o l o g i c a l  im p o rta n c e  
o f  SOD a s  a  d e fe n c e  m echanism  a g a in s t  l i p i d  p e r o x id a t io n  has  been  
d e m o n s tra te d  in  a  num ber o f  e le g a n t  s tu d i e s  c o n d u c te d  w ith  b a c t e r i a .
McCord al_ (1971 ) exam ined th e  d i s t r i b u t i o n  o f  SOD among th r e e  
c l a s s e s  o f  m ic ro o rg a n ism s . A ero b es, w hich u t i l i z e  0 i n  t h e i r  
m e tab o lism  a lm o s t e x c lu s iv e ly ;  a e r o t o l e r e n t  o rg a n ism s , w hich have an 
a n a e ro b ic  m e tab o lism  even  when grown in  a i r ;  and s t r i c t  a n a e ro b e s  
w hich c a n n o t s u rv iv e  i n  0 ^ . I n  a l l  c a s e s ,  th e  a e r o b ic  o rg an ism s 
c o n ta in e d  th e  h ig h e s t  a c t i v i t y  o f  SOD, fo llo w e d  by in te r m e d ia te  
a c t i v i t y  in  th e  a e r o t o l e r a n t  g ro u p . S t r i c t  a n a e ro b e s  exam ined i n  t h i s  
s tu d y  c o n ta in e d  no SOD, w hich may e x p la in  t h e i r  in  a b i l i t y  to  t o l e r a t e  
Og. F u r th e r  i n v e s t i g a t i o n s  have d e te rm in e d  t h a t  SOD a c t i v i t y  i s  
in d u c e d  in  b a c t e r i a  (G reg o ry  and F r id o v ic h ,  1973) and y e a s t  (G regory  
and F r id o v ic h ,  1974) i n  r e s p o n s e  to  l i p i d  p e r o x id a t io n  by 0^ r a d i c a l .
Much o f  th e  work done to  d a te  r e g a rd in g  a l l  a s p e c t s  o f  SOD can  be 
found  i n  an e x c e l l e n t  re v ie w  by F r id o v ic h  (1 9 7 4 ) .
1 .5 .1 .2  £A,TALASE (CAT)
The enzyme w hich  c a ta ly s e s  th e  breakdow n o f  H^O^ v e ry  r a p id ly  
i s  c a l l e d  CAT ( H a l l i w e l l ,  1 9 7 4 ). I t  i s  a lm o s t i n e f f e c t i v e  a t  low 
c o n c e n t r a t io n .  T h is  i s  due to  i t s  low  a f f i n i t y  ( h ig h  Km) f o r  H^O^. 
P ero x iso m es ( s i n g l e  m em brane-bound o r g a n e l l e s )  w hich c o n ta in  many o f  
th e  H g O g -g en era tin g  o x id a s e  enzymes a r e  th e  m ost l i k e l y  c a n d id a te  f o r  
l o c a l i s a t i o n  o f  CAT i n  m ost mammalian c e l l s  w ith  th e  e x c e p t io n  o f  RBCs (
w here i t  i s  a  s o lu b le  c y to p la sm ic  enzym e. CAT a f f o r d e d  c o m p le te  ;
p r o t e c t i o n  a g a in s t  th e  g e n e r a t io n  o f  O ^ -d e riv e d  f r e e  r a d i c a l s  in  i s l e t
c e l l s  (by a l lo x a n  and d ih y d ro x y fu m a ra te  in d u ced  d ie b e t e s )  ( F i s h e r ,
1 9 8 1 ), i n  x a n th in e  o x id a s e  prom oted l i p i d  p e r o x id a t io n  (K e llo g g  and 
F r id o v ic h ,  1 9 7 7 ), i n  lu n g  s t r e s s  fo llo w in g  e n d o to x in  a d m in i s t r a t io n  
( b a c t e r i a l  l ip o p o ly s a c c h a r id e )  (B r ia n ,  1 9 8 1 ), i n  n e u r o to x ic i ty  o f
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n i t r o  compounds (K rin sk y  a l . .  »198l ) ,  i n  t i s s u e  t h a t  was inv ad ed  by a 
l a r g e  number o f  m e ta b o l i c a l ly  a c t i v a t e d  in fla m m ato ry  c e l l s  (McCord e t  
a l»  » 1 9 8 2 ), in  lu n g s  t h a t  have b een  s u b je c te d  to  p ro lo n g e d  e x p o su re  to  
95%-100% 0^ a t  a  p r e s s u r e  la tm  (M clennan and A u to r , 1982) and i n
p o ly m o rp h o n u c le a r  l e u k o c y te s ,  m acrophages and m onocytes which can  
undergo  a  r e s p i r a t o r y  b u r s t  on e x p o su re  to  b a c t e r i a  and o th e r  s t i m u l i  
(B a b io r , 1 9 7 8 ).
1 .5 .1 .1  THE GLUTATHIONE PEROXIDASE SYSTEM
G lu ta th io n e  P e ro x id a s e  (G S H P x )(g lu ta th io n e  : H O
o x id o - r e d u c ta s e ;  E.C 1 .1 1 ,1 .9  ) ,  d is c o v e re d  in  1957 ( M i l l s ,  1957) h a s  
now come o f  age in  te rra  o f  i t s  b io c h e m ic a l  r o l e .  GSHPx h as  a  
m o le c u la r  w e ig h t o f ab o u t 8 5 ,0 0 0 , c o n s i s t s  o f  fo u r  g atom  o f  
s e le n iu m /m o l. The t h r e e  enzym es, GSHPx, GSH R ed u c ta se  (GSHR) and 
G lu c o se -6 " P h o sp h a te  D ehydrogenase  (G6PDhse) ( F i g . 14) have been  
r e f e r r e d  to  as  th e  GSHPx sy s tem  enzymes (Chow and T a p p e l, 1972) and 
a r e  p ro p o sed  to  f u n c t io n  as  a  u n i t  i n  com bating  l i p i d  p e r o x id a t io n  a s  
fo l lo w s :  th e  c o n v e rs io n  o f  to x ic  l i p i d  h y d ro p e ro x id e s  to  l i p i d
a lc o h o ls  ( o r  o f  H^Og -------- > H^O) by GSHPx i s  l in k e d  to  th e  a v t i v i t y  o f
GSHR and G6PDhse, which s u p p ly  re d u c in g  e q u iv a le n t s  i n  th e  form  o f  
re d u c e d  GSH and NADPH, r e s p e c t i v e l y  (Chow and T a p p e l, 1 9 7 2 ), I t  h as  
lo n g  been  known t h a t  th e  enzyme GSHPx can  d e to x i f y  H^O^ and ROOH 
( C h r is to p h e rs o n , 1 9 6 9 ). The h y d ro p e ro x id e s  a c c e p te d  as  s u b s t r a t e s  
in c lu d e  H^Og, e th y l  h y d ro p e ro x id e , thym ine h y d ro p re o x id e , , 
h y d ro p e ro x id e s  o f  PUFAs and th e  c o rre s p o n d in g  e s t e r s ,  h y d ro p e ro x id e s  
o f  s t e r o i d s  and n u c le ic  a c id s ,  and p r o s ta g la n d in  G ( th e  p r im a ry  
in te r m e d ia te  o f  p r o s ta g la n d in  b io s y n th e s i s )  (F lohe. e ^  â l . .  »19 7 6 ) . I n  
v i t r o  GSHPx c o n s i s t e n t ly  p r e v e n ts  th e  o x id a t iv e  b reak -dow n  o f  PUFAs o f  
biom em branes (F lo h e  a l .  ,1 9 7 6 ) .  F lo h e  (1979) h a s  s u g g e s te d  th e  
p o s s i b i l i t y  t h a t  t h i s  enzym ic a b i l i t y  p la y s  a  p a r t  i n  th e  d e fe n c e
_j   j ' -.2,.. 1^'tWw
— 41a —
f
"O o£U
X)o CUX ft)
CL (A oOl ' #" Tn' Xcx
I ' a m
TD Oo j  n> Qj m
n i
— 42 —
a g a in s t  o x id a t iv e  damage o f  o rg an ism s  l i v i n g  in  a e ro b ic  c o n d i t io n s  
(F lo h e  ^  âL . » 1 9 7 6 ). I t  was a ls o  o b se rv e d  (Chow e t  a l . .1974) t h a t  th e  
a c t i v i t y  o f  GSHR and G6PDhse in c r e a s e d  i n  re s p o n s e  to  ozone e x p o s u re , 
i n  a d d i t io n  to  th e  in d u c t io n  o f  GSHPx. In c r e a s e d  a c t i v i t y  o f  th e s e  
t h r e e  enzym es, and SOD, h a s  a l s o  been  o b se rv e d  i n  th e  lu n g s  o f  r a t s
exposed  to  90% 0 (1 a tm ) f o r  sev en  days (K im b a ll e t  a l . .1 Qyfil.2
F u r th e r ,  McCay jgJL (1 9 7 6 ) , w ork ing  w ith  p e ro x id iz in g  l i v e r  
m ic ro so m es, c o u ld  n o t  f in d  th e  f a t t y  a c id  a lc o h o l  d e r i v a t i v e s  t h a t  
C h r is to p h e rs o n  (1968) s u g g e s te d  s h o u ld  be form ed by th e  a c t i o n  o f  
GSHPx. McCay ,^ ^  s L  (1976) f u r t h e r  showed t h a t  i f ,  i n s t e a d  o f  
h y d ro p e r o x y l in o le n ic  a c id  (w hich  do es  form  th e  a l c o h o l ) ,  one u sed  a 
f a t t y  a c id  h y d ro p e ro x id e  a t ta c h e d  to  a  p h o s p h o lip id  (w hich  i s  th e  form  
o f  f a t t y  a c id  in  th e  m em brane), th e  l a t t e r  d id  n o t  s e rv e  as a  
s u b s t r a t e  f o r  GSHPx. C o n se q u e n tly , w i th o u t  a  mechanism  f o r  rem oving  
th e  f a t t y  a c id ,  i t  w ould be e x tre m e ly  d i f f i c u l t  f o r  th e  f a t t y  a c id  
h y d ro p e ro x id e  (PUFÂOOH) and th e  GSHPx to  come t o g e t h e r .  Thus, t h e i r  
f in d in g s  s u g g e s t  t h a t  GSHPx may n o t  be a b le  to  re d u c e  PUFAOOH i n  s i t u  
e s t e r i f i e d  t o  membrane p h o s p h o l ip id s .
1 .5 .1 .4  (SSHr DEPgNDSML PROJEINg
The im p o r ta n t  r o l e  o f  a  G SH -dependent p r o t e i n ( s )  ( F i g . 13) w hich 
i s  n o t  GSHPx a s  th e  m ost c r u c i a l  i n t r a c e l l u l a r  a in t ip e ro x id a n t  d e fe n c e ,  
was f i r s t  d e s c r ib e d  by McCay s i  a l .  (1 9 7 6 ) . G ibson (1980) have
a l s o  r e p o r te d  t h a t  G SH -dependent p r o t e i n ( s )  ( c y t o s o l i c - h e a t  l a b i l e  
f a c t o r ( s ) ) ( p r e v io u s ly  th o u g h t to  be GSHPx), i n h i b i t  l i p i d  p e r o x id a t io n  
i n  b o th  SR and m ito c h o n d r ia l  m em branes. I t  i s  th o u g h t t h a t  th e s e  
G SH -dependent p r o t e i n ( s )  w hich i n h i b i t  l i p i d  p e r o x id a t io n  in  
b i o l o g i c a l  membranes do so  by p r e v e n t in g  r a d i c a l  a t t a c k  on th e  PUFAs; 
i . e  a t  an e a r l i e r  s ta g e  th a n  r e d u c t io n  o f  a l r e a d y  form ed ROOH, p e rh a p s  
by s c a v e n g in g  f r e e  r a d i c a l  i n i t i a t o r s  ( F i g . 1 3 ) .
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1 .5 .1 .5  CAERULOPLASMIN/TRANSFERRINr THE FERRQXIDASK SYSTEM
Q u ite  e a r ly  in  b i o l o g i c a l  a u to x id a t io n  r e a s e a r c h  s e v e r a l  g ro u p s  
o f  w o rk ers  showed t h a t  human p lasm a i s  a  p o w e rfu l a n t io x id a n t  (B a rb e r ,  
1961; V id lak o v a  e t  a l . ,1 Q 72). P lasm a i s  g e n e r a l l y  p o o r in  th e  enzymes 
SOD, CAT and GSHPx y e t  can  be s u b je c te d  to  0^ r a d i c a l s  p roduced  by 
a c t i v a t e d  l e u k o c y te s ,  enzym es and a u t o x id i s in g  s u b s ta n c e s  w i th o u t  
d e l e t e r i o u s  e f f e c t s .  S u r p r i s in g l y ,  p e rh a p s ,  th e  m ost p o te n t  f r e e  
r a d i c a l  i n h i b i t o r  b o th  in  t i s s u e  hom ogenates and in  e x t r a c e l l u l a r  
f l u i d s  was th e  c o p p e r - c o n ta in in g  a lp h a - 2 - g lo b u l in  c a e ru lo p la s m in  
(G u t te r id g e  s t .  M .. » 1 9 8 2 ) . C opper a lo n e  was i n e f f e c t i v e ,  as was th e
a p o p ro te in  ( i . e . ,  c a e ru lo p la s m in  from  w hich th e  co p p e r atom s had  been  
rem o v ed ). C a e ru lo p la sm in  i s  n o t  th e  o n ly  a n t i o x id a n t  f r a c t i o n  in  
p lasm a: i t  s h a re s  t h i s  p r o p e r ty  w ith  th e  b e ta - g lo b u l in ,  t r a n s f e r r i n .
C a e ru lo p la sm in  i s  n o t  a  c o p p e r - t r a n s p o r t in g  m o le c u le  in  th e  s e n se  in  
w hich t r a n s f e r r i n  i s  i r o n - t r a n s p o r t i n g .  C a e ru lo p la sm in  i s  n o t  o n ly  an 
o x id a s e  o f  v a r io u s  o rg a n ic  compounds b u t a l s o  a  " f e r r o x id a s e ” , The 
a n t i o x id a n t  a c t i v i t y  (AOA) o f  t r a n s f e r r i n  was shown to  depend e n t i r e l y  
on i t s  a b i l i t y  to  b in d  f e r r i c  io n s .  S in c e  a c t i v i t y  c o u ld  be 
p r o g r e s s iv e ly  r e v e r s e d  by s a t u r a t i o n  w ith  i r o n  ( G u t te r id g e ,  1 9 8 3 ) . 
The AOA o f  c a e ru lo p la s m in  was depend on th e  i n t a c t  c o p p e r - p r o te in ,  th e  
a p o p ro te in  h av in g  no a n t i o x id a n t  a c t i v i t y  (S to c k s  and G u t te r id g e ,  
1 9 8 1 ) . T hree p o s s ib l e  m echanism s by w hich c a e ru lo p la s m in  a c t s  as  
a n t i o x id a n t  a r e  S O D -like a c t i v i t y ,  f e r r o x id a s e -d e p e n d e n t  a c t i v i t y  and 
c o p p e r-d e p e n d e n t a c t i v i t y  (G u t te r id g e  and S to c k s ,  1 9 8 1 ). The 
f e r r o x id a s e  a c t i v i t y  o f  c a e ru lo p la s m in  (O sak i j& Lai.. ,1966) and th e  
h ig h  a f f i n i t y  b in d in g  o f  th e  r e s u l t i n g  f e r r i c  io n s  to  t r a n s f e r r i n  
s u g g e s t  a  c o - o r d in a te d  r o l e  f o r  th e s e  two p r o t e i n s  in  p r o t e c t i o n  
a g a in s t  f r e e  r a d i c a l  damage ( s e e  F i g . 1 5 ) (G u t te r id g e  and S to c k s ,  
1981).
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f1 .5 .2  FREE RADICAL SCAVENGERS
1 .5 .2 .1  .YlIAMIM.,g
I t  h as  been  r e p o r te d  t h a t  v i ta m in  C ( F ig ,  16) a s  w e l l  a s  v i ta m in  
E can  r e a c t  w ith  l i p i d  p e r o x id a t io n  p ro d u c ts  ( f r e e  r a d i c a l s )  and s e rv e  
as  f r e e  r a d i c a l  s c a v e n g e rs  o r  a n t io x id a n t s  (B aeh n er e t  a l . .1 9 8 2 ) .  The 
im p o r ta n t  d i s t i n c t i o n  be tw een  th e  two i s  t h a t  v i ta m in  C i s  w a te r  
s o lu b le  w hereas v i ta m in  E i s  l i p i d  s o lu b le  and can  t h e r e f o r e  r e a c t  
w ith  f r e e  r a d i c a l s  w i th in  m em branes. I t  was a l s o  found t h a t  th e  
r e l a t i v e  c o n c e n t r a t io n  o f  v i ta m in  C i s  v e ry  im p o r ta n t :  i f  th e  v i ta m in
C c o n c e n t r a t io n  i s  low  com pared to  an o x id i s in g  a g e n t ,  p resu m a b ly  
t r a n s i t i o n  m e ta ls  ( i r o n  and c o p p e r ) ,  th e n  i t  w i l l  be  o x id is e d  to  th e  
a s c o r b y l  r a d i c a l  w h ich , in  t u r n ,  w i l l  a c t ,  a s  p r o -o x id a n t  and w i l l  
c a u se  l i p i d  p e r o x id a t io n  a s  m en tio n  e a r l i e r ,  in  a s s o c i a t i o n  w ith  
i r o n .  However in  c e r t a i n  s i t u a t i o n s  th e  v i ta m in  C r a d i c a l  ( a s c o r b y l  
r a d i c a l )  can  i t s e l f  be e n z y m a tic a l ly  red u c e d  to  v i ta m in  C by NADH
;r e d u c ta s e  sy s tem  (G reen  and O 'B r ie n , 1 9 7 3 )( F i g . 1 7 ) . I f ,  how ever, th e  
v i ta m in  C c o n c e n t r a t io n  i s  h ig h ,  th e n  i t  w i l l  a c t s  a s  an  a n t i o x id a n t .
At h ig h  v i ta m in  C c o n c e n t r a t io n s  no l i p i d  p e r o x id a t io n  can  o c c u r ,  an 
i n te r m e d ia te  c o n c e n t r a t io n  i s  c r i t i c a l  f o r  t h i s  p r o c e s s .  T h is  p roblem  
i s  c u r r e n t l y  b e in g  i n v e s t i g a t e d  by Lohmann and h i s  g ro u p s  (1 9 8 2 ) .
However, S e r e g i  jsIl a i  (1 978 ) s u g g e s te d  t h a t  a s c o r b a te  may be an 
a n t io x id a n t  l ü  v iv o , w h ile  i n  In . v i t r o  sy s te m s  i t  p ro b a b ly  a c t s  to  
re d u c e  Fe^* to  F e^*  th u s  a l lo w in g  f r e e - r a d i c a l  p r o d u c t io n  ( J a c k s o n  e t  
a l . , 1 9 8 3 ).
1 .5 .2 .2  VITAMIN E 
V itam in  E i s  a  h y d ro p h o b ic , p e ro x y l  r a d i c a l  t r a p p in g
c h a in - b re a k in g  a n t i o x id a n t  ( F i g , 18) found  in  th e  l i p i d  f r a c t i o n  o f  
l i v i n g  o rg a n is m s . I t  i s  b e l ie v e d  to  f u n c t io n  l a r g e l y ,  i f  n o t  
e x c lu s iv e ly ,  a s  a  l i p i d  a n t i o x id a n t  i n  in  v iv o  ( i n  m em branes) (McCay
— 4-4 *“
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F ig u r e  17* E q u a tio n  sh o w in g  re d o x  fo rm s o f  a s c o r b a te  and 
a s c o r b y l  r a d i c a l  a s s o c i a t i o n  w ith  v i ta m in  E ,
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and K ing , 1980) whose r o l e  i s  to  p r o te c t  th e  l i p i d  m a t e r i a l  o f  an 
o rg an ism  from  th e  u n d e s i r e a b le  e f f e c t s  o f  u n c o n t r o l le d ,  sp o n ta n e o u s  
a u to x i d a t i o n .  I t  may a l s o  be an o b l ig a to r y  s t r u c t u r a l  com ponent in  
membranes c o n ta in in g  PUFAs (D ip lo c k  and Lucy, 1973) and c o u ld  a c t  a s  a  
c a t a l y t i c  o r  r e g u la to r y  a g e n t  in  m etab o lism  (S c h w a rtz , 1 9 7 2 ) . D ip lo c k
(1983) h a s  s tu d i e d  th e  i n t e r a c t i o n  betw een  a lp h a - to c o p h e r o l  and 
membrane PUFAs u s in g  a  t i s s u e  c u l t u r e  te c h n iq u e . These f in d in g s  w ere 
i n t e r p r e t e d  as s u g g e s t in g  t h a t  th e  i n t e g r i t y  and maximum f u n c t i o n a l  
a b i l i t y  o f  th e  membrane depend upon a s p e c i f i c  s t r u c t u r a l  i n t e r a c t i o n  
o f  a lp h a - to c o p h e r o l , c h o l e s t e r o l ,  PUFAs and i t s  d e r i v a t i v e s .  The r o l e  
o f  v i ta m in  E h a s  become c l e a r e r  as  more s o p h i s t i c a t e d  te c h n iq u e s ,  such  
as  HPLC, have  become a v a i l a b l e  f o r  m easu ring  th e  to c o p h e r o ls  ( F i g . 19) 
and f o r  e lu c i d a t i n g  th e  p a th o lo g y  o f  c o n d i t io n s  in  w hich an in a d e q u a c y  
o f  t i s s u e  v i ta m in  E c o n te n t  i s  b e l ie v e d  to  be in v o lv e d .  The r o l e  o f  
v i ta m in  E a s  an a n t i o x id a n t  h as  in v o lv e d  a r e a s  o f  r e s e a r c h  su ch  as 
c a r c in o g e n e s i s ,  a g e in g ,  to x ic o lo g y  and n u t r i t i o n .  Q u in ta n i lh a  and 
P a c k e r  (1983) h av e  u sed  B antin -K ingm an fem ale  r a t s  b o th  in  v iv o  and in  
v i t r o  s t u d i e s .  T h e ir  r e s u l t s  show t h a t  a  p r o g r e s s iv e  and s p e c i f i c  
i n c r e a s e  in  th e  s u s c e p t i b i l i t y  o f  many s u b c e l l u l a r  m em branes to
o x id a t iv e  damage w ith  i n c r e a s in g  l e v e l s  o f  v i ta m in  E - d e f ic ie n c y  a n d /o r  
p h y s ic a l  s t r e s s .  In  a d d i t i o n ,  en d u ran ce  t r a i n i n g  r a i s e d  th e  l e v e l s  o f  
a n t i o x id a n t  enzym ic pathw ays i n  b o th  s k e l e t a l  and c a r d ia c  m u sc le . 
S e v e ra l  p a th o l o g ic a l  s t a t e s  due to  v i ta m in  E - d e f ic ie n c y  i n  a n im a ls  and 
humans su ch  as i n  m a la b s o rp t io n  d i s o r d e r s ,  h e m a to lo g ic  d i s o r d e r s ,
c a r d io v a s c u la r  d i s e a s e s ,  p re m a tu re  i n f a n t s  ( s e e  re v ie w  B i e r i  e t  
a l .  ,1 9 8 3 ) , n e u r o p a th o lo g ic a l  d i s e a s e s  in  a n im a ls  and humans (N e lso n , 
1 9 83 ); r e t r o l e n t a l  f i b r o p l a s i a  ( F in e r  j b ± .  a l .  ;1983 ; H i t t n e r  and 
K r e tz e r ,  1 9 8 3 ); n u t r i t i o n a l  m yopathy (MoMurray a t .  a l .  ;1 9 8 3 );  m uscle
d i s e a s e s  ( J a c k s o n  e t  a l . ,1 Q 8 ^ K  m enopausal syndrom e, i n f e r t i l i t y ,  
m u sc u la r  d y s tro p h y  and d i a b e t e s  (M arks, 1962) have been  r e p o r t e d .
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GSHR i s  red u ced  by 20% i n  DMD RBC.
1 .6  DMD_ MD. LIPID PBROXIDATION: POSSIBLE LINKS
A lthough  s e v e r a l  t h e o r i e s  have been  p u t fo rw ard  to  e x p la in  th e  
p a th o g e n e s is  o f  DMD, th e  e x a c t  m echanism  has  n o t  y e t  been  found and i s  
o f  g r e a t  c u r r e n t  i n t e r e s t .
The p o s s i b i l i t y  t h a t  l i p i d  p e ro x id a t io n  i s  in v o lv e d  in  th e  
a e t i o lo g y  o f  m u sc u la r  d y s tro p h y  was s u g g e s te d  f i r s t  in  1974 by Omaye 
and T a p p e l, lAo r e p o r te d  in c r e a s e d  MDA i n  m uscle  from  g e n e t i c a l l y  
d y s tr o p h ic  a n im a ls ,
Kar and P e a rso n  (1979 ) w ere th e  f i r s t  w orkers to  r e p o r t  
in c r e a s e d  a c t i v i t y  o f  th e  enzymes CAT and GSHR and T B A -reac tiv e  
m a t e r i a l s ,  in  human m u sc le  from  m u sc u la r  d y s tro p h y . However th e s e  
d a t a  w ere p o o led  from  t h r e e  form s o f  m u scu la r d y s tro p h y  so  t h a t  t h e i r  
s i g n i f i c a n c e  w ith  r e s p e c t  to  DMD i s  d i f f i c u l t  to  a s s e s s  (H u n te r  e t  
al_. ,1981 ) .  D uring  th e  p r o g re s s  o f  t h i s  w ork , M ech ler e t  a l  (1984) 
c o n firm ed  th e  f in d in g s  ( in c r e a s e d  T B A -reac tiv e  m a t e r i a l s )  o f  K ar and 
P e a rso n  (1 9 7 9 ) ,
E x p erim en ts  by B u r r i  ^  a l .  (1980) found  a  19% d e c re a s e  in  RBC 
SOD i n  DMD p a t i e n t s ,  s u g g e s t in g ,  b e c a u se  o f  th e  o v e r la p  o f  d y s tr o p h ic  
and c o n t r o l  r e s u l t s ,  t h a t  SOD a c t i v i t y  changes a r e  se co n d a ry  to  a  more 
p rim a ry  d e f e c t  in  DMD a s  n o t  a l l  p a t i e n t s  show abnorm al SOD a c t i v i t y ,
GSHPx was norm al b o th  i n  DMD RBC and p lasm a . I n  c o n t r a s t .  H u n te r ^
£LL (1981) r e p o r te d  t h a t  SOD, GSHPx and T B A -reac tiv e  m a te r i a l s  w ere 
u n a l t e r e d  from  norm al i n  DMD RBC, More r e c e n t l y ,  M atk o v ics  ^  â L  
(1982) r e p o r te d  e le v a te d  l e v e l s  o f  MDA i n  DMD RBC as w e l l  a s  in c r e a s e d  
SOD a c t i v i t y .  I n  th e  m ost r e c e n t  p a p e r  on t h i s  t o p ic  M ech le r e t  a l
(1984 ) co n firm ed  th e  f in d in g s  o f  H u n te r . e t  â i .  (1981) t h a t  SOD and 
T B A -re a c tiv e  m a te r i a l s  i n  DMD RBC*s a r e  n o t s i g n i f i c a n t l y  a l t e r e d  from  |
n o rm a l. I n  1983, H u n te r  and Amin r e p o r te d  t h a t  CAT i s  u n a l t e r e d  b u t
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R e c e n tly , Amin and H u n te r (1984) r e p o r te d  t h a t  SOD, GSHPx, 
GSHR, and CAT a r e  u n a l t e r e d  i n  DMD CSFs com pared w ith  c o n t r o l s .  
D e s p i te  th e s e  c o n t r a d ic to r y  f in d in g s ,  a l l  i n v e s t i g a t o r s  a g re e d  t h a t  
l i p i d  p e r o x id a t io n  i s  s t i l l  p o s s ib ly  in v o lv e d  in  DMD p a th o g e n e s is .
A r a i s e d  l e v e l  o f  SM, \d ie re  no a n t i  o x id a n t  was u s e d , i s  th e  
m ost common l i p i d  a b n o rm a li ty  found i n  DMD t i s s u e  (R ow land, 1 9 8 0 ). As 
s e v e r a l  w o rk e rs  p o in t  o u t ,  t h i s  e le v a te d  SM may be a r t i f a c t u a l  and 
c o u ld  w e l l  r e s u l t  from  th e  p r e f r e n t i a l  p e r o x id a t io n ,  and c o n se q u e n t 
l o s s e s  on e x t r a c t i o n  and c h ro m a to g rap h y , o f  th e  more u n s a tu r a te d  
p h o s p h o lip id  c l a s s e s ,  PS, PE, and PC, N e v e r th e le s s  i f ,  a s  seem l i k e l y
a t  l e a s t  in  RBC*s, t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  f a t t y  a c id
c o m p o s itio n  o f  th e s e  p h o s p h o lip id s  and i f  th e  DMD and c o n t r o l  sam p les  
w ere t r e a t e d  in  an i d e n t i c a l  f a s h io n ,  th e  f a c t  t h a t  SM i s  found to  be
" e le v a te d "  in  DMD sam p les  com pared w ith  c o n t r o l s  i n d i c a t e s  an
in c r e a s e d  s u s c e p t i b i l i t y  o f  th e  g ly c e r o p h o s p h o lip id s  t o  p e r o x id a t iv e  
damage in  th e  DMD c e l l s .  In  a d d i t io n ,  a  h ig h e r  a c t i v i t y  o f  endogenous 
p h o s p h o lip a s e  A^ in  IMD RBC was a l s o  r e p o r te d  ( I y e r  e t  a l . .1 9 7 6 ) . and 
may be e v id e n c e  o f  r e p a i r  o f p e ro x id i s e d  p h o s p h o l ip id s .
F i n a l l y ,  m yopathy in  v i ta m in  E - d e f i c i e n t  a n im a ls  (Z a lk in  and 
T a p p e l, 1962) whose m usc le  h a s  a l s o  r e c e n t l y  b e e n  found  to  be more 
s u s c e p t ib l e  to  p e r o x id a t iv e  damage ( J a c k so n  .gi. â l . - » 1983) i s  f u r t h e r  
e v id e n c e  f o r  p o s s ib l e  in v o lv e m e n t o f  l i p i d  p e r o x id a t io n  in  m yopathy .
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1 . 7  A IM S,.flF .. .TH ESIS
From th e  p re c e d in g  s e c t i o n  i t  i s  a p p a re n t  t h a t  th e r e  i s  a  body 
o f  e v id e n c e  t h a t  membrane l i p i d  p e r o x id a t io n ,  i f  n o t  th e  p rim a ry  c a u se  
o f  IWD, may be an im p o r ta n t  f a c t o r  in  i t s  p a th o g e n e s is .  A lthough  some 
p re v io u s  work h as  p ro v id e d  e v id e n c e  f o r  l i p i d  p e r o x id a t io n  in  RBCs and 
m u sc le , CSFs have n o t  been  i n v e s t i g a t e d  f o r  t h i s  phenomenon. I f  a  
g e n e r a l i s e d  membrane d e f e c t  e x i s t s  in  DMD and in c r e a s e d  membrane l i p i d  
p e r o x id a t io n  i s  c lo s e l y  r e l a t e d  t o  th e  p rim ary  d e f e c t  th e n  one m ig h t 
e x p e c t  to  f in d  e v id e n c e  f o r  i t  i n  CSFs. The f i r s t  p a r t  o f  th e  work 
p r e s e n te d  in  t h i s  t h e s i s  was d e v o te d  to  a d d re s s in g  th e  f o l lo w in g  
q u e s t io n s :
1 . Can in c r e a s e d  b a s a l  l i p i d  p e r o x id a t io n  be d e m o n s tra te d  i n  
DMD CSFs: ( i )  i n  id io le  m o n o lay er c u l t u r e s ;  ( i i )  i n  i s o l a t e d  h a r v e s te d  
c e l l s ;  ( i i )  i n  i s o l a t e d  m em b ran e -rich  f r a c t i o n s ?
2 . I s  l i p i d  p e r o x id a t io n  in c r e a s e d  in  DMD c e l l s  and 
s u b f r a c t i o n s  when in d u c e d  by f a c t o r s  such  as a ra c h id o n ic  a c id ,  NADPH, 
F e /a s c o r b a te ?
3 . I s  th e  t o t a l  a n t i o x i d a n t  a c t i v i t y  o f  th e  c y to s o l  f r a c t i o n  
from  DMD c e l l s  abnorm al?
A n o th e r q u e s t io n  o f  c e n t r a l  im p o r ta n c e  in  th e  i s s u e  o f  th e  r o l e  o f  
l i p i d  p e r o x id a t io n  i n  EMD i s  e th e r  e v id e n c e  o f  t h i s  p r o c e s s  in  
m usc le  ( o r  o th e r  t i s s u e s )  can  be o b ta in e d  by exam in ing  b lo o d  
p lasm a /se ru m  in  ttie  same way as m uscle  enzyme le a k a g e  i s  d e t e c t a b l e .  
T h is  m ig h t be p a r t i c u l a r l y  im p o r ta n t  in  d ia g n o s is  o f  a f f e c t e d  
i n d iv i d u a l s  and p e rh a p s  ev en  o f  c a r r i e r s .  P lasm a was t h e r e f o r e
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exam ined f o r  th r e e  i n d ic e s  o f  l i p i d  p e r o x id a t io n .  The e f f e c t  o f 
s to r a g e  o f  p lasm a on th e s e  p a ra m e te rs  was th o ro u g h ly  i n v e s t i g a t e d .
A l t e r a t i o n s  i n  e f f i c i e n c y  o f  d e fe n c e  m echanism s a g a in s t  l i p i d  
p e r o x id a t io n  have  been  invoked  by v a r io u s  w o rk e rs  as b o th  th e  c a u se  
and e f f e c t  o f  in c r e a s e d  t i s s u e  l i p i d  p e r o x id a t io n .  Thus d e c re a s e d  
a c t i v i t y  o f  g lu c o s e -6 -p h o s p h a te  d e h y d ro g en ase  can  le a d  to  in c r e a s e d  
s u s c e p t i b i l i t y  o f  r e d  c e l l s  to  p e r o x id a t iv e  s t r e s s  (C hiu  e t  a l . .1 9 8 2 ) . 
lo w ered  l e v e l s  o f  v i ta m in  E r e s u l t  in  in c r e a s e d  l i p i d  p e r o x id a t io n  and 
m yopathy in  a n im a ls  ( A l f i n - S l a t e r  and M o rr is ,  1963; J a c k so n  e t  
a i . . ,  1983) and  r a i s e d  a c t i v i t i e s  o f  CAT and GSHR a r e  s u g g e s te d  to  be 
re s p o n s e s  to  th e  c h a l le n g e  o f  in c r e a s e d  l i p i d  p e r o x id a t io n  in  human 
m uscle  (K ar an P e a rs o n , 1979; M ech le r e t  a l . .1 Q 8 4 ) .  I t  was t h e r e f o r e  
f e l t  im p o r ta n t  in  t h i s  s tu d y  to  a s sa y  th e  im p o r ta n t  p lasm a d e fe n c e  
s y s te m s , nam ely , v i ta m in  E, c a e ru lo p la s m in  and t r a n s f e r r i n .
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2 MATERIAL AND METHODS
2 .1
2 .1 .1  CHEMICALS and REAGENTS
A grose  (Type I I I ) ,  a r a c h id o n ic  a c i d ,  a d e n o s in e - 5 - d ip h o s p h a te ,  
L - a s c o r b ic  a c id ,  f e r r i c  c h l o r i d e ,  g l u t a t h i o n e ,  n ia c in a m id e  
( n ic o t in a m id e ;  n i c o t i n i c  a c id  a m id e ) , n ic o t in a m id e  a d e n in e  
d i n u c l e o t i d e  p h o s p h a te ,  re d u c e d  fo rm  (NADPH), q u in in e  s u l p h a t e ,  
sod ium  c a r b o n a te ,  s u c r o s e ,  t - b u t y l  h y d ro p e ro x id e  (TBH), 
1 ,1 ; 3 ; 3 - t e t r a e th o x y p r o p a n e ,  2 - t h i o b a r b i t u r i c  a c id  and t r i s  
(h y d ro x y lm e th y l)m e th y la m in e  w ere  p u rc h a s e d  from  Sigm a C h em ica l 
company ( P o o le ,  D o r s e t ,  UK).
A c e t ic  a c id  g l a c i a l ,  c h lo ro fo rm , F o l in  and C i o c a l t e u 's  
p h e n o l r e a g e n t ,  h y d r o c h lo r ic  a c i d ,  h y d ro g en  p e r o x id e ,  m e th a n o l,  
p h o s p h o r ic  a c i d ,  p o ta s s iu m  c h l o r i d e ,  sod ium  a z i d e ,  sod ium
h y d r o x id e ,  sodium  l a u r y l  s u l p h a t e ,  sod ium  t a r t r a t e ,  s u l p h u r i c  
a c i d ,  t r i c h l o r o a c e t i c  a c id  w ere  p u rc h a s e d  from  BDH C h em ica l LTD 
( P o o le ,  E n g la n d ) .
A b s o lu te  a l c o h o l ,  b u ta n o l  ( n - b u t y l  a l c o h o l ) ,  p o ta s s iu m  
d ih y d ro g e n  p h o s p h a te ,  d ip o ta s s iu m  h y d ro g en  p h o s p h a te  and sod ium
d ih y d ro g e n  p h o s p h a te  w ere  p u rc h a s e d  from  May and B a k e r  L td ,
Dagenham, E n g la n d . A l l  c h e m ic a ls  and s o l u t i o n  u se d  i n  t h i s
i n v e s t i g a t i o n  w ere  r e a g e n t  g r a d e ,  b u t  s o l v e n t s  w e re  d r i e d  and 
r e d i s t i l l e d  b e f o r e  u se  ( s e e  a p p r o p r i a t e  s e c t i o n ) .
A n t ic a e r u lo p la s m in  and a n t i s e ru m  a g a r  g e l  im m u n o d if fu s io n  
p l a t e s  (L C - P a r t ig e n - C a e ru lo p la s m in  p l a t e )  w ere  p u rc h a s e d  from  
B e h rin g  I n s t i t u t e  ( B e h rin g w e rk e  AG, M a rb u rg -L a h n ) .
A n t i t r a n s f e r r i n  was a  g i f t  from  t h e  S c o t i s h  A n tib o d y  P r o d u c t io n
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U n it  (SAPÜ) (G lasgow  and W est o f  S c o tla n d  B lood T ra n s fu s io n  
s e r v i c e ,  Law H o s p i ta l ,  C a r lu k e , L a n a rk s h i r e ,  S c o tla n d  ML8 5ES). 
n-H exane and m eth an o l (HPLC g ra d e )  w ere p u rc h a se d  from  G le n ro th e s  
c h e m ic a ls  L td , ( G le n r o th e s ,  S c o t la n d ) .  A l l  t i s s u e  c u l t u r e  
m a t e r i a l s  w ere o b ta in e d  from  Gibco ( P a i s l e y ,  S c o t la n d ) .
2 .2  TISSUE CULTURE STUDIES
2 .2 .1  CELL CULTURE SCHEDULE
2 .2 .1 .1  MEDIA PREPARATION
Serum , L -g lu ta m in e  and a n t i b i o t i c s  w ere s to r e d  a t  -20°C ; 
re m a in in g  i n g r e d i e n t s  a t  4°C t i l l  u s e .  B e fo re  u se  th ey  w ere 
thawed and in c u b a te d  a t  37^C f o r  30 m in u te s . The co m p le te  medium 
was made up as r e q u i r e d  in  a  la m in a r  f lo w  c a b in e t  (ENVAIR (UK) 
L td , H a s lin g d e n  R o s s e n d a le , L a n c a s h ire ,  E n g lan d ) (T a b le ; 1 ) .
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I A B L £ L i l )
COMPOSITION VOLUME (m lj  SÏOmOE_TEMP .
Minimum E s s e n t i a l  Medium+20mM HEPE8 430 .0
N o n - e s s e n t ia l  amino a c id s  ( 1 .0  mM)* 50 .0
Sodium B ic a rb o n a te  (75% s o lu t i o n )  5 .0
P e n i c i l l i n  (100 I .U /m l m edia) 30mg/500ml
S tre p to m y c in  ( 1 0 0 /U g /m l  m edia) 50 m g /5 0 0 m l
**Neomycin (lO pg /m l m edia) 50mg/500ml
New Born C a l f  Serum (NBS) 5 0 .0
G lu tam ine  200mM 5 .0
4°C
4°C
4°C
4°C
4°C
4°C
-20*C
-20°C
* The c o m p o s itio n  o f  th e  n o n - e s s e n t i a l  amino a c id s  (N .E .A .A ) 
su p p le m e n t i s  shown below :
A M IN Q ,.A g IP  
L -A la in in e  
L -A sp a ra g in e  
L -A s p a r t ic  Acid 
G ly c in e
L -G lu tam in  Acid
L - P r o l in e
L -S e r in e
CONCENTRATION 
8 .9  m g / l i t r e  
1 5 .0  m g / l i t r e  
1 3 .3  m g / l i t r e  
7 .5  m g / l i t r e  
14 .7  m g / l i t r e
1 1 .5  m g / l i t r e
1 0 .5  m g / l i t r e
** e i t h e r  neom ycin o r  p e n i c i l l i n  + s tr e p to m y c in  w ere a d d e d . 500 
ml o f  medium was made up a t  any one tim e . An a l i q u o t  (5 -1 0 m l) o f  
medium was in c u b a te d  a t  37°C f o r  3 -4  days to  ch eck  f o r  
c o n ta m in a t io n  ( s t e r i l i t y  t e s t  o f  m edium ).
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2 .2 .1 .2  PHOSPHATE BUFFERED SALINE (PBS) PREPARATION
REAGENTS VOLUME ( i m / m l l
P o tass iu m  c h lo r id e  2 0 0 .0
P o ta ss iu m  d ih y d ro g e n  p h o sp h a te  2 0 0 .0
Sodium c h lo r id e  8000 .0
D i-sod ium  h y d ro g en  p h o sp h a te  1150 .0
A ll  r e a g e n ts  w ere  d is s o lv e d  in  w a te r ,  th e  pH a d ju s te d  to  pH 7 .4 ,
and made up to  volume r e q u i r e d .  The s o l u t i o n  was au to e la v e d  and
s to r e d  a t  room te m p e ra tu re .
2 .2 .1 .3  Hm A...CMNGE
Old medium was d e c a n te d , th e  c e l l s  washed and f r e s h  medium 
added a t  i n t e r v a l s  o f  3 d a y s .
PRDCEDDfiE:
(1 )  th e  medium was d e c a n te d  i n t o  a  w a s te  b o t t l e .
(2 )  th e  c e l l s  w ere washed by r i n s i n g  w ith  2x5ml o f
PBS (T75 f l a s k )  o r  2 x 10 ml PBS (T120 f l a s k ) .
"1
— 54 —
(3 )  10 ml (T75 f l a s k )  o r  30 .0m l (T120 f l a s k )  f r e s h
medium was ad ded ,
2 .2 .1 .4  BUB-CULTURE
Sub c u l t u r e  was c a r r i e d  o u t  as soon  a s  th e  m ono layer o f  
c e l l s  re a c h e d  c o n f lu e n c y . C e l ls  w ere d e ta c h e d  u s in g  t r y p s i n  and 
se ed e d  i n t o  f r e s h  f l a s k s  a t  a  r a t i o  o f  1 :2  o r  1 :3 .
PROCEDURE:
S p e n t medium was d e c a n te d  from  th e  c o n f lu e n t  c u l t u r e .  The 
c e l l  m o n o lay er was b r i e f l y  washed w ith  2 x 10ml (T120 
f l a s k / b o t t l e )  PBS. The c e l l  m ono layer was th e n  b r i e f l y  r in s e d  
w ith  2 .5  ml (T75 f l a s k )  o r  5 .0  ml (T120 f l a s k ) ,  o r  1 .0  ml (T25 
f l a s k )  o f  0.25% t r y p s i n  and a f t e r  w hich th e  f l a s k  was in c u b a te d  
a t  37°C w ith  f r e s h  0.25% t r y p s i n .
The c e l l s  w ere o b se rv e d  u n d e r  th e  l i g h t  m ic ro sc o p e  (LM 
N ikon , M odel 41619 , J a p a n ) ,  u n t i l  th e  c e l l s  w ere  se e n  to  have 
rou nded  up and begun d e tach m en t from  th e  s u r f a c e  o f  th e  f l a s k  
(a p p ro x im a te ly  1-3 m in u te s ) .  The c e l l s  w ere  c o m p le te ly  d e ta c h e d  
from  th e  s u b s tr a tu m  by g e n t l e  ta p p in g  o f  th e  f l a s k  a g a in s t  a  
p o ly p ro p y le n e  "bumb b o a rd " .  The d e ta c h e d  c e l l s  w ere m ixed w ith  
5 .0m l (T75 f l a s k )  o r  10.0m l (T120 f l a s k )  f r e s h  m edia  to
n e u t r a l i z e  o r  i n a c t i v a t e  th e  t r y p s i n .  The c e l l  a g g re g a te s  w ere  
b ro k en  up by r e p e a te d  g e n t l e  p i p e t t i n g  o f  c e l l  s u s p e n s io n . The 
c e l l  s u s p e n s io n s  w ere  d iv id e d  i n t o  th e  r e q u i r e d  num ber o f  f l a s k s
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(2  o r  3 f l a s k s ) .  Each f l a s k  was topped  up w ith  10 .0  ml (T75 
f l a s k s )  o r  3 0 .0  ml (T120 f l a s k s )  f r e s h  medium. F i n a l l y ,  th e  
c e l l s  w ere  in c u b a te d  a t  37°C .
2 .2 .1 .5  JÜÂBÏESI1ML
T his p ro c e s s  was u sed  once enough c e l l s  had b e e n  grown 
e i t h e r  f o r  s to r a g e  o r  im m ed ia te  u se  f o r  e x p e r im e n ts .
P R OCEDURE:
(1 )  when th e  c e l l s  w ere c o n f lu e n t ,  th e  medium was 
d e c a n te d  and d i s c a r d e d ,
(2 ) th e  c e l l s  w ere  .w ashed  th r e e  tim e s  w ith
5 .0  ml PBS ( k e p t  a t  37°C ).
-(3 ) 4 .0  ml o f  0.25% t r y p s i n  s o lu t i o n  w ere added to
th e  f l a s k .
(4 )  t h e  f l a s k  was in c u b a te d  a t  37^C u n t i l  a l l  c e l l s  
had been  rem oved (1 -3  m in s ) .
(5 ) 4 .0  ml o f  i c e  c o ld  PBS was a d d ed ,
(6 )  th e  s u s p e n s io n  was t r a n s f e r r e d  i n t o  c e n t r i f u g e
tu b e s  (1 0 .0  m l) and c e n tr i f u g e d  a t  3500xg,
f o r  10 m in u te s  a t  4°C.
(7 )  th e  PBS was d e c a n te d  and a l l  p e l l e t s  w ere
t r a n s f e r r e d  i n t o  one c e n t r i f u g e  tu b e .  1 0 .0  ml o f  
PBS was th e n  added and th e  tu b e  was c e n t r i f u g e d
a t  3500xg , f o r  10 m in u te s  a t  4*^C.
(8 )  The com bined p e l l e t  was washed once more w ith  10ml 
PBS as  a b o v e .
(9 )  th e  PBS was d e c a n te d  and th e  washed c e l l  p e l l e t
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was t r a n s f e r r e d  i n t o  s m a ll  s c i n t i l l a t i o n  v i a l s  *
(SV) w ith  n o t  more th e n  3*0 ml PBS. I
The c e l l s  w ere e i t h e r  s to r e d  a t  -70°C  f o r  f u t u r e  e x p e r im e n ts  o r  
u sed  im m e d ia te ly .
2 .2 .1 .6  ÇRYO-PRESERVATION OF CELLS
The p r o c e s s  can  be used  to  c e l l s  in  a  v i a b l e  s t a t e  f o r  
lo n g  p e r io d s  o f  tim e  ( a t  l e a s t  1-2 y e a r s ) .  The c e l l s  a t  
c o n f lu e n c y  w ere t r y p s i n i z e d  a s  d e s c r ib e d  f o r  s u b - c u l tu r e .  
D e tach ed  c e l l s  w ere m ixed w ith  5 .0  ml (T75 f l a s k )  o r  1 0 .0  ml 
(T120 f l a s k )  f r e s h  m edia to  n e u t r a l i z e  o r  i n a c t i v a t e  th e  
t r y p s i n .  The s u s p e n s io n  was t r a n s f e r r e d  i n t o  h e a t  s e a l a b l e  
s t e r i l e  t e s t  tu b e s  and c e n t r i f u g e d  a t  3500xg, f o r  10 m in u te s  a t  
4°C. The p e l l e t  was re su sp e n d e d  ( u s in g  a  v o r te x  m ix e r)  i n  2 .0  ml 
m ed ia , su p p lem en ted  w ith  10% DM80 and 20% f o e t a l  b o v in e  serum  
(F B S ). The c e l l  s u s p e n s io n  was t r a n s f e r r e d  i n t o  p l a s t i c  am poules 
w ith  sc rew  c a p s .  The am poules w ere  f ro z e n  ( a t  -20°C ) f o r  h a l f  an 
h o u r , th e n  f o r  24 h o u rs  a t  -60°C  and f i n a l l y  s to r e d  in  l i q u i d  
n i t r o g e n  u n t i l  u s e .
2 .2 .1 .7  RECONSTITUTING CELLS
T h is  i s  th e  p ro c e s s  in v o lv e d  in  s t a r t i n g  g row ing  c u l t u r e s  
from  c e l l s  w hich have b een  f ro z e n  in  l i q u i d  n i t r o g e n  f o r  some 
t im e .
The am poules w ere  thaw ed i n  w a te r  b a th  a t  37 ^0 . The 
am poule c o n te n ts  w ere  c e n t r i f u g e d  a t  3500xg f o r  7 m in u te s  a t  4°C
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and th e  medium d e c a n te d  ( i . e .  to  remove DM80). The c e l l  p e l l e t s  
w ere re s u s p e n d e d  (u s in g  p i p e t t e )  i n  1-2 ml f r e s h  m ed ia . The c e l l  
s u s p e n s io n  was t r a n s f e r r e d  to  a  T25 f l a s k  (1 -2  am poule c o n te n t s ) ,
5 .0  ml f r e s h  m edia w ere added and th e n  FBS added to  g iv e  a  f i n a l  
c o n c e n t r a t io n  o f  10%. A f te r  24 h o u rs  th e  c e l l s  w ere o b se rv e d  by 
l i g h t  m ic ro sc o p y . I f  th e  c e l l s  w ere found to  have a d h e re d  to  th e  
f l a s k  th e  medium was c h an g ed .
2 .2 .2  gPLL, LINEg
2 .2 .2 .1  NORMAL CSF LINES
The s i x  no rm al CSF l i n e s  used  i n  t h i s  s tu d y  w ere o b ta in e d  
as  g row ing  m o n o lay ers  fro m . D r. J .A , N itk o w sk i, J e r r y  Lewis
M uscle  R ese a rc h  C e n tre ,  D ep artm en t o f P a e d ia t r i c s  and N e o n a ta l 
M e d ic in e , Hammersmith H o s p i ta l  London, and D r. G. P r i e s t l y ,  
D ep artm en t o f  D erm ato lo g y , U n iv e r s i ty  o f  E d in b u rg h . T hese l i n e s  
w ere d e r iv e d  from  no rm al w ith  no fa m ily  h i s t o r y  o f  g e n e t i c  
d i s o r d e r s .  D e t a i l s  a r e  l i s t e d  i n  T ab le  ( 3 ) .
2 . 2 . 2 . 2  DMD CSF LINES
T hree  c e l l  l i n e s  from  fo re a rm  p in ch  s k in  b io p s i e s  w ere  
d e r iv e d  from  t h r e e  i n d iv i d u a l  s u b je c t s  co n firm ed  by c l i n i c a l  and 
b io c h e m ic a l  c r i t e r i a  to  be DMD s u f f e r e r s .  They w ere a l s o
o b ta in e d  as m o no layer from  D r. J .A . N itk o w sk i, J e r r y  Lewis
M uscle R e se a rc h  C e n tre ,  D ep artm en t o f  P a e d ia t r i c s  and N e o n a ta l 
M e d ic in e , Hammersmith H o s p i ta l  London. D e t a i l s  a r e  l i s t e d  i n  
T ab le  3 .
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2 . 2 .3  CELL CULTURE
Each CSF l i n e  (n o rm a l and DMD l i n e s )  u se d  f o r  s tu d y  was
c u l t i v a t e d  u n d e r c o n d i t io n s  o f  c u l t u r e  as d e s c r ib e d  i n  2 .2 . 1 .
S to c k  c u l t u r e s  o f  CSFs w ere  m a in ta in e d  as  m ono layers  in  25 
2 2cm o r  75 cm p l a s t i c  t i s s u e  c u l t u r e  f l a s k s  (T25 o r  T75 f l a s k s ,  
C o rn in g , New York) a t  37°C i n  a  STATUS I n c u b a to r  (N o r th e rn  M edia 
N orth  C ave, N orth  H um berside , E n g la n d ). F re sh  medium was added
e v e ry  3 day s and s u b c u l tu r in g  c a r r i e d  o u t  e v e ry  5-6  d a y s .
■1
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P m iL S . OF CULTURED SKIN FIBROBLAST CELL LINES
a b n o r m a l i t i e s .
** A l l  c e l l  l i n e s  w ere  d e r iv e d  from  a fo re a rm  b io p sy  s i t e  e x c e p t  
f o r  HSF 6 w hich was d e r iv e d  from  f o r e s k in .
.QËLL WNE§ AGE ( v r s ) SOURCE
i
HAM 1 M 5 .2  month HAMMERSMITH
HAM 4 M 7 .9 HAMMERSMITH
HAM 5 M 7 .0 HAMMERSMITH
CONTROL CULTURES* ■
•Î
I2ËLL..LIIÎE5 jSSL A.Œ I y r§ ) SODRCB
HAM 2 M 32 HAMMERSMITH Ï
HSF 26 M 23 EDINBURGH
HSF 6 M 1 EDINBURGH
HSF 9 M 25 EDINBURGH
HSF 22 M 19 EDINBURGH -i
* A ll  c u l t u r e s w ere from n orm al i n d iv i d u a l s w ith  no n e u r o lo g ic a l
-  60
2 .2 .4  IN  VIVO LIPID PEROXIDATION STUDIES
I n  v iv o  l i p i d  p e r o x id a t io n  was s tu d ie d  u s in g  an a d a p ta t io n  
o f  th e  method o f  G avino eJt. n i .  (1 9 8 1 ) .
2 . 2 . 4 . 1  IN IIIA L . ÇELL-CÜLXURE
C o n tro l  (HAM 2) and DMD (HAM 5) c e l l  l i n e s ,  m atched f o r  
p a s sa g e  number (PIG) w ere grown and s u b c u ltu re d  s im u l ta n e o u s ly  to  
g iv e ,  f o r  each  l i n e ,  15 T25 f l a s k s ,  each  seed ed  w ith  an i d e n t i c a l  
num ber o f  c e l l s .  These c u l t u r e s  w ere a llo w ed  to  grow to
c o n flu e n c y  in  norm al g row th  medium b u t  w ith  FBS i n s t e a d  o f  NBS,
These c o n f lu e n t  c u l t u r e s  w ere  th e n  used  f o r  in c u b a t io n  in  t h r e e  
d i f f e r e n t  m edia fo llo w e d  by e s t im a t io n  o f  IB A -re a c t iv e
m a t e r i a l s .
2 .2 .4 .2  EXPERIMENTAL INCUBATION CONDITIONS
2 ,2 .4 ,2 ,1  EXPERIMENTAL. MEDIA
A, Growth medium ( a s  in  TABLE 1) b u t  su p p lem en ted  w ith  
20%  Newborn B ovine Serum (NBS)
B, A ra c h id o n ic  a c id  su p p lem en ted  medium- 
5 ,8 ,1 1 ,1 4 - e i c o s a t e t r a e n o ic  a c id  (2 0 :4  ; 
a ra c h id o n ic  a c id )  was d is s o lv e d  in  95? 
e th a n o l  and d i l u t e d  1 ,6 :1 0 0  th e n  1 :8  to  g iv e  a
— 6 1 “
f i n a l  1 :500  d i l u t i o n ,  w ith  e x p e r im e n ta l  medium, A.
( f i n a l  c o n c e n t r a t io n  o f  2 0 :4  = 12()uM).
C. As B b u t  c o n ta in in g  o n ly  95? e th a n o l .
D. TB H -supplem ented medium.
7 ÿ i l  o f  TBH was added
p e r  10ml A ( f i n a l  c o n c e n t r a t io n  = 30QuM),
2 .2 .4 .2 .2  CONDITIONS OF INCUBATION '
The medium was. rem oved from  c u l t u r e s  which had j u s t  
a t t a i n e d  c o n flu e n c y  as d e t a i l e d  i n  2 . 2 . 4 . 1 ,  th e  c e l l s  washed w ith  
PBS and f r e s h  medium, e i t h e r  B, C o r  D added ( t = 0 ) .  The f l a s k s  
w ere  in c u b a te d  a t  37°C f o r  v a ry in g  p e r io d s  o f  t im e , a t  w hich 
d u p l i c a t e  f l a s k s  w ere ta k e n  and t r e a t e d  as  below  f o r  e s t im a t io n  ^
o f  T B A -reac tio n  m a t e r i a l s .
2 .2 .4 .3  ASSAY OF TBA^REACTIVE MATERIALS
2 .2 .4 .3 .1  UNNASHED CSFs
A f te r  a  s p e c i f i e d  tim e  i n t e r v a l ,  c e l l s  w ere k i l l e d  and 
d i s r u p te d  by th e  a d d i t io n  o f  2 .0m l o f  20? t r i c h l o r o a c e t i c  a c id  to  
th e  medium in  th e  f l a s k .  F our ml o f  0 .6 7 ?  t h i o b a r b i t u r i c  a c id  
was a d d e d , and th e  medium and c e l l s  w ere in c u b a te d  f o r  20 m in u te s  
a t  97^C. A f te r  c o o lin g  th e  medium + c e l l  d e b r i s  w ere c e n t r i f u g e d  
a t  12 ,000xg  a t  4°C f o r  10 m in u te s , to  p r e c i p i t a t e  p r o te i n s  and 
c e l l u l a r  d e b r i s .  The o p t i c a l  d e n s i ty  o f  th e  s u p e r n a ta n t  was 
m easured  a t  532nm (G av ino  e t  a l . .1 9 8 1 ) . A b la n k  c o n ta in in g  a l l
is
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r e a g e n ts  e x c e p t  c e l l s  was ru n  in  p a r a l l e l .  MDA (som etim es
r e f e r r e d  to  T B A -re a c tiv e  m a te r i a l s )  w ere c a lc u la t e d  from  f o rm
MDA=1.56x10^ u s in g  A bsorbance  was c o n v e r te d  to
nmol MDA p e r  c u l t u r e  f l a s k .
2 .2 .4 .3 .2  WASHED. CSFs
I n  a n o th e r  s e t  o f  e x p e r im e n ts , washed CSFs w ere  u s e d . The 
e x p e r im e n ta l  medium was d e c a n te d  and th e  c e l l s  washed tw ic e  w ith  
PBS. And th e n  th e  c e l l s  w ere  k i l l e d  and d i s r u p te d  by th e
a d d i t i o n  o f  f i v e  ml o f  8? t r i c h l o r o a c e t i c  a c id  to  th e  c e l l s  in
th e  f l a s k s .  F iv e  ml o f  0 .5 4 ?  t h i o b a r b i t u r i c  a c id  was added to
th e  f l a s k  and T B A -re a c tiv e  m a te r i a l s  a s sa y e d  a s  i n  2 .2 .4 .3 * 1 •
2 . 2 . 4 . 4  .PROTEIN..ESTIMATION
The p r o t e i n  c o n te n t  o f  CSFs was d e te rm in e d  a c c o rd in g  to  
th e  m ethod o f  Lowry (1 9 5 1 ) .
( i )  REAGENTS
( a )  1? c u p r ic  s u lp h a te  ( o r  c u p r ic  s u lp h a te  5 - w a te r ) .
(b )  2? p o ta s s iu m  sodium  t a r t r a t e  (w /v ) .
( c )  2? sodium  c a rb o n a te  in  0.1N sodium  h y d ro x id e .
(d )  IN F o l in - C io c a l te a u ^ s  r e a g e n t  (S to c k  2N ).
(e )  S to c k  b o v in e  a lbum in  s ta n d a rd  s o l u t i o n ,  100mg/ml.
( f )  S o lu t io n  A
1? c u p r ic  s u lp h a te  and 2 |?  sodium  t a r t r a t e  were m ixed 't i t l  
th e n  made up to  100 ml w ith  2? sodium  c a rb o n a te  in  0.1N sodium
■ ^1^
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h y d ro x id e . S o lu t io n  A i s  found to  be s t a b l e  f o r  o n ly  a  few 
h o u r s ,
(g )  S o lu t io n  B
2N F o l i n - C i o c a l t e a u 's  R eag en t ( s to c k )  was d i l u t e d  1:1 w ith  
d i s t i l l e d  w a te r .  S o lu t io n  B was p re p a re d  f r e s h l y  ea ch  d a y .
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( i l )  PROCEDURE
■STANDARD. CURVE
The s to c k  a lbum in  s o lu t i o n  was d i l u t e d  to  g iv e  a  
p r o t e i n  d i l u t i o n  s e r i e s  ra n g in g  from  0-10  (Jug, The s to c k  
(lOOmg/ml) was d i l u t e d  1 :100  w ith  PBS. T o ta l  volume o f  a lb u m in  
p lu s  PBS was 0 .2  m l.
MEIËQD
To 0 .1  ml sam ple ( i n  5 .0m l t e s t - t u b e s )  was added 
2 .5m l s o lu t i o n  A. T h is  was in c u b a te d  f o r  10 m in u te s  a t  room 
te m p e ra tu re  and 0 .5m l o f  s o lu t i o n  B ad d ed . The tu b e s  w ere  m ixed 
and a b so rb a p c e  a t  540nm was re a d  a g a in s t  a  r e a g e n t  b la n k  a f t e r  30 
m in u te s .
2 .2 .5  MEMBRANE STUDIES
2 .2 .5 .1  MEMBRANE PREPARATION
U l t r a s o n ic a t io n  was chosen  f o r  c e l l  d i s i n t e g r a t i o n  a s  i t  
was f a s t ,  e f f i c i e n t  and c o u ld  be used  w ith  a  s m a l l  volum e 
(a p p ro x im a te ly  1 .0  ml s a m p le ) ,  p ro d u c in g  a  " c o n c e n t r a te d  c e l l  
s u s p e n s io n " .  In  f a c t ,  t h e r e  a r e  two o th e r  m ethods w hich can  be 
c o n s id e re d  f o r  r u p tu r in g  th e  CSF. These a r e :  r e p e a te d  f r e e z in g
and thaw ing  and h o m o g e n iz a tio n . N e i th e r  o f  th e s e  p r o c e s s  w ere 
s u i t a b l e  f o r  t h i s  p a r t i c u l a r  work owing p a r t i c u l a r l y  t o  th e  s m a l l  
sam ple  volum es used  b u t  a l s o  th e  lo n g e r  tim e n e c e s s a ry  to  a c h ie v e  
co m p le te  d i s i n t e g r a t i o n .
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2 . 2 . 5 . 1 . 1  MElfiQP
F ro zen  sam p les ( s t o r e d  a t  -YO^C ) w ere  d e f r o s te d  and 
su sp en d ed  in  a  minimum volume (1 ,0 m l)  o f  PBS i n  a  g l a s s
I
s c i n t i l l a t i o n  v i a l .  To a v o id  l o c a l  h e a t  p ro d u c t io n  by th e  f?
u l t r a s o n i c a t i o n  p r o c e s s ,  w hich can  in d u ce  l i p i d  p e r o x id a t io n  a s  
w e l l  a s  d e n a tu re  membrane p r o t e i n ,  sam p les w ere a lw ays k e p t  on 
i c e .  The u l t r a s o n i c a t o r  p ro b e  was i n s e r t e d  j u s t  below  th e  l i q u i d  
s u r f a c e .  H aying ta k e n  a d e q u a te  n o is e  p r o t e c t i o n  p r e c a u t io n s ,  th e  
sam ple  was s o n ic a te d  a t  an a m p litu d e  o f 8 -9  m ic ro n s  peak f o r  1 
m in u te , w ith  a  b re a k  f o r  30 se co n d s  to  a llo w  a d e q u a te  c o o l in g .
T h is  was r e p e a te d  to  g iv e  each  sam ple a  t o t a l  s o n i c a t io n  tim e  o f  
15-30 m in u te s . The s o n ic a t e s  w ere th e n  spun  as  fo llo w ; The 
s o n ic a te d  CSFs w ere  t r a n s f e r r e d  i n to  10x10ml p o ly p ro p y le n e  
c e n t r i f u g e  tu b e  (M odel 34411-117 MSB) and w ere  c e n t r i f u g e d  a t  
124 ,000xg in  a  10x10ml T itan iu m  a n g le  r o t o r  i n  th e  P re p s p in  50 
r e f r i g e r a t e d  U l t r a c e n t r i f u g e  (GK-100, M easu ring  and S c i e n t i f i c  
E quipm ent L td , Manor R o y a l, C raw ley , S u sse x , E ng land ) f o r  60 
m in u te s  a t  4^C, The s u p e r n a ta n t  (c y to p la s m ic  f r a c t i o n )  was 
rem oved and s to r e d  a t  -70°C  f o r  a n t i o x id a n t  s t u d i e s  ( s e e  s e c t i o n  
2 . 2 . 7 ) .  The p e l l e t  was washed i n  t r i s - H C l  (lOmM) pH 7 .4  w ith  
0.15M p o ta s s iu m  c h lo r id e  and r e - c e n t r i f u g e d  a t  124 ,000xg as  
a b o v e . The p e l l e t  was washed tw ic e  and th e  w ash ings rem oved and 
d i s c a r d e d .  The p e l l e t  (membrane f r a c t i o n )  was re su sp e n d e d  in  
t r i s - H C l  (lOmM) pH 7 .4  + 0.15M p o ta s s iu m  c h lo r id e  and th e  t o t a l  
volum e o f  membrane s u s p e n s io n  m easu red . P r o te in  was d e te rm in e d  
( i n  d u p l i c a te )  a s  be low . The r e s t  o f  th e  membrane s u s p e n s io n  was 
s to r e d  a t  -7 0 °C , p r i o r  to  f u r t h e r  e x p e r im e n ts .
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JM SS.:
(1 )  A l l  p ro c e d u re s  w ere  c a r r ie d  o u t  a t  0 -4 °C .
(2 )  I c e - b u c k e t s  w ere  used  f o r  a l l  t r a n s f e r s .
(3 )  S o lu t io n s  and c e n t r i f u g e  r o t o r s  and tu b e s  w ere  
p re -c o o le d  p r i o r  to  u s e .
(4 )  R e su sp e n s io n  may n e c e s s i t a t e  r e s o n i c a t io n .
V’rî
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2 .2 . 5 .1 .2  £R.Q.TE1K. ESTIMATION
The p r o t e i n  c o n te n t  o f  CSF membrane s u s p e n s io n s  was 
e s t im a te d  a c c o rd in g  to  th e  method o f  Lowry (1 9 5 1 ) . A 5 ^ 1  sam ple 
was ta k e n ,  th e  t o t a l  volume o f  th e  membrane s u s p e n s io n  in  
t r i s - H C l  (lOmM) pH 7 ,4  w ith  0.15M p o ta ss iu m  c h lo r id e  a l r e a d y  
h a v in g  been  e s t im a te d ,  t h i s  was d ig e s te d  w ith  th e  same volum e o f  
0.2M sodium  h y d ro x id e  f o r  5 m in u te s  a t  room te m p e ra tu re .  30;ü1 
a l i q u o t s  w ere  th e n  used  to  c a r r y  o u t th e  e s t im a t io n  a s  in
2 . 2 . 4 . 4 .  B ovine serum  a lb u m in , 0 - 1 0 ^ g  i n  0 ,1 m l was u sed  a s  a  
s t a n d a r d .
2 .2 .5 .1 .3  ENZYMIC LIPID PEROXIDATION
Enzymic l i p i d  p e r o x id a t io n  i s  an NADPH-dependent p ro c e s s  
( a l s o  r e q u i r in g  o f  A D P -che la ted  i ro n )  and was d e te rm in e d  
a c c o rd in g  to  th e  m ethod o f  K o s te r  and S le e  (1 9 8 0 ) .
INCUBATION MEDIUM
20mM t r i s - H C l  pH 7 .0
2.0mM a d e n o s in e -5 -d ip h o s p h a te
0 .1 2mM f e r r i c  c h lo r id e
20mM n ic o t in a m id e
27mM p o ta s s iu m  c h lo r id e
4.0mM NADPH
P lu s  1-3.25m g p r o te in /m l  in c u b a t io n  medium
T em p era tu re  = 37°C
Time c o u rs e  = 0-180 m in u te s .
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MEIHQH:
CSF membrane s u s p e n s io n  in  lOmM t r i s - H C l ,  pH 7 .4  + 0.15M 
p o ta s s iu m  c h lo r id e  was added (1-3 .25m g p r o te in /m l  in c u b a t io n  
medium) to  in c u b a t io n  medium (a s  a b o v e ) . T o ta l  volume o f  
i n c u b a t io n  i s  6 .0 m l. Sam ples f o r  0 tim e  w ere ta k e n  ( i n  
d u p l i c a te )  im m e d ia te ly . The r e s t  o f  th e  sam ple was in c u b a te d  a t  
37°C . Sam ples o f  0 ,5m l and 0 .2m l w ere w ithdraw n a t  60 , 120 and
180 m in u te s  to  m easu re  MDA and d e te rm in e  F P s , r e s p e c t i v e l y ,
2 .2 .5 .1 .4  LXPID..EXTRACTION + FP DETERMINATION
L ip id  e x t r a c t i o n  was c a r r ie d  o u t by a method m o d if ie d  
m ethod from  K o s te r  and S le e  ( I 98O ). A ll  s o lv e n t s  w ere d r ie d  and 
r e d i s t i l l e d  p r i o r  to  u s e .  B u ty la te d  hydroxy  to lu e n e  (BHT) was 
added to  a  c o n c e n t r a t io n  o f  5.0mg ? .  A l l  g la s s - w a r e  was soaked  
o v e rn ig h t  in  Decon 90 b e f o r e  u s e .
M E i m
0 .2m l CSF membrane s u s p e n s io n  (+  in c u b a t io n  medium) w ere 
t r a n s f e r r e d  i n t o  a  30ml Q and Q c e n t r i f u g e  tu b e .  The s u s p e n s io n  
was e x t r a c t e d  w ith  2 .0 m l c h lo ro fo rm /m e th a n o l ( 2 :1 ,  v / v ) . The 
m ix tu re  was sh ak en  i n t e r m i t t e n t l y  f o r  1-2 h o u r s .  Then th e  tu b e  
was c e n t r i f u g e d  a t  12 ,000xg  f o r  10 m in u te s  a t  4°C . The 
s u p e r n a t a n t  ( S u p e rn a ta n t  1) was rem oved and t r a n s f e r r e d  i n t o  
a n o th e r  Q and Q c e n t r i f u g e  tu b e .  To th e  p e l l e t  was added 2 .0m l 
c h lo ro fo rm /m e th a n o l ( 2 :1 ,  v / v ) .  The tu b e  was a g a in  sh ak en
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i n t e r m i t t e n t l y  o v e r  1-2  h o u rs  and th e n  c e n t r i f u g e d  a t  12 ,000xg  
f o r  10 m in u te s  a t  4°C as a b o v e . The s u p e r n a ta n t  ( s u p e r n a ta n t  2) 
was c a r e f u l l y  rem oved. Tlie p e l l e t  was d i s c a r d e d .  The f i r s t  and 
seco n d  s u p e r n a ta n t s  w ere  p o o led  and d i l u t e d  w ith  0 .6 2 5  ml 
c h lo ro fo rm  and 0 .6 2 5  ml 0.05N  p o ta ss iu m  c h l o r i d e .  The tu b e  was 
c e n t r i f u g e d  and th e  u p p e r  l a y e r  ( m e th a n o l /w a te r /p o ta s s iu m  
c h lo r i d e )  was d is c a r d e d  w h ile  th e  low er l a y e r  ( c h lo r o f o r m - r ic h  
l a y e r )  was rem oved i n t o  a  25ml round bo ttom ed  f l a s k .  The 
s o l u t i o n  was r o t a r y  e v a p o ra te d  to  a  s m a ll  vo lum e. The sam ple  was 
th e n  t r a n s f e r r e d  i n  c h lo ro fo rm /m e th a n o l ( 1 :1 ,  v /v )  to  a  s m a l l  
v i a l  and  d r ie d  on a  h e a t in g  b lo c k  (D ri-B lo c k  DB-3 Techne) a t  30^C 
u n d e r  a  s tre a m  o f  n i t r o g e n .  The sam ple was th e n  ta k e n  up in  
e x a c t ly  2 .0m l o f  c h lo ro fo rm /m e th a n o l ( 1 :1 ,  v /v )  and u sed  
im m e d ia te ly  o r s to r e d  a t  -60°C  p r i o r  to  FP e s t i m a t io n ,
1 .0m l o f  c h lo ro fo rm /m e th a n o l e x t r a c t  was w ithd raw n  and 
0 .1 m l m eth a n o l added to  c l a r i f y  th e  sam p le . F lu o re s c e n c e  s p e c t r a  
w ere m easu red  in  an Aminco-Bowman s p e c t r o p h o to f lu o r e m e te r  
(A m erican  In s t r u m e n t  Company, D iv is io n  o f  T ra v e n o l L a b o r a to r i e s ,  
I n c ,  8030 G e o rg ia  Avenue, S i l v e r  S p r in g , M ary land  2 0 9 1 0 ), w ith  
q u in in e  s u lp h a te  i n  0.05M s u lp h u r ic  a c id  as s t a n d a r d .  
F lu o re s c e n c e  e m m is s io n /a b s o rp t io n  was e x p re s s e d  a s  r e l a t i v e  
f lu o r e s c e n c e  u n i t s  p e r  mg p r o t e i n ,
2 . 2 . 5 . 1 . 5  MDA ESTIMATION
To th e  0 .5  ml sam ple ( s e e  s e c t i o n  2 .2 .4 .3 )  0 .5  ml 35? 
t r i c h l o r o a c e t i c  a c id  w ere  add ed . A f te r  10 m in u te s  i n c u b a t io n  and 
i n t e r m i t t e n t  sh a k in g  a t  room te m p e ra tu re ,  0 .5 m l 50mM T r is -H C l, pH
7 .4  w ere  ad d ed . The s u s p e n s io n  was c e n t r i f u g e d ,  a t  12 ,000xg  f o r
..A------- -^----------------------------------------------------------_  - V. : L .  j -
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10 m in u te s .  A f te r  c e n t r i f u g a t i o n ,  1 ,0m l o f  0 .7 5 ?  t h i o b a r b i t u r i c  
a c id  C75mM o f  TBA in  sodium  h y d ro x id e  (50mM)3 w ere ad d ed . A
g l a s s  bead  ( o r  m arb le )  was p u t on th e  t e s t  tu b e  a s  a  cap  and th e  f
m ix tu re  was h e a te d  f o r  30 m in u te s  in  a  b o i l i n g  w a te r  b a th .  A f t e r
c o o l in g ,  th e  s o lu t i o n  was d i l u t e d  w ith  2 .0m l 35? t r i c h l o r a c e t i c  
a c id  and th e  o p t i c a l  d e n s i ty  o f  th e  s u p e r n a ta n t  was d e te rm in e d  a t  
532nm. In  th e s e  e x p e r im e n ts , a p p r o p r i a t e  b la n k s  a r e  n e c e s s a r y .
When th e  c o lo u r  i n t e n s i t y  was to o  h ig h , th e  o p t i c a l  d e n s i ty  was 
m easured  a f t e r  th e  s o lu t i o n  was d i lu t e d  w ith  35? t r i c h l o r o a c e t i c  
a c id .  MDA c o n te n t  was c a lc u la t e d  from  f o r  MDAzI.56 x 10^
u s in g  O.DggQ-O.DgQQ and a  s c a l e  e x p a n s io n  f a c i l i t y  to  g iv e  e x t r a  
s e n s i t i v i t y .  The v a lu e s  w ere c o n v e r te d  to  nmol MdA p e r  mg 
membrane p r o t e i n .
2 .2 .6  IN_3a:TRD PEROXIDATION OF WHOLE CSF HOMOGENATEE
2 .2 .6 . 1  SONICATION AMD. HOMOGBNATB PREPARATION
F ro z e n  sam p les  ( s t o r e d  a t  -70°C ) w ere  d e f r o s te d  and 
su sp en d ed  in  a  minimum volum e (2 .0 m l)  o f  PBS, Sam ples w ere  k e p t  
on i c e  a t  a l l  t im e s .  The c e l l  s u s p e n s io n s  w ere  f u r t h e r  d i s r u p te d  
by s o n ic a t io n  u s in g  a u l t r a s o n i c a t o r  p ro b e  i n  MSE 
U l t r a s o n ic a to r .  The c e l l  s u s p e n s io n s  on th e  i c e  w ere  s u b je c te d  
to  t h r e e  c y c le s  o f  s o n ic a t io n  (30  se co n d s  o n /3 0  seco n d  o f f  p e r  
c y c le )  w ith  a  power s e t t i n g  o f  8 . T h is was r e p e a te d  to  g iv e  each  
sam ple  a t o t a l  s o n ic a t io n  tim e  o f  30 m in u te s .  The s o n ic a te d  
hom ogenates w ere u sed  f o r  d e te r m in a t io n  o f  enzym ic and 
non-enzym ic  i n  v i t r o  in d u ce d  l i p i d  p e r o x id a t io n  as  w e l l  as  
p r o t e i n  d e te r m in a t io n .
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2 .2 .6 .2  PROTEIN DETERMINATION
The p r o t e i n  c o n te n t  o f  CSF s o n ic a te d  hom ogenates was 
e s t im a te d  a c c o rd in g  to  th e  method o f  Lowry (1 9 5 1 ) . A 0 .1m l 
sam ple  was added to  5 .0 m l s o l u t i o n  A ( s e e  s e c t i o n  2 . 2 . 4 . 4 ) .  T h is  
was in c u b a te d  f o r  10 m in u te s  a t  room te m p e ra tu re  and 0 .5m l o f 
s o l u t i o n  B ( s e e  s e c t i o n  2 .2 .4 .4 )  w ere ad d ed . The tu b e  c o n te n ts  
w ere m ixed and a b so rb a n c e  a t  540nm was re a d  a g a in s t  a  r e a g e n t  
b la n k  a f t e r  30 m in u te s .
2 .2 .6 .3  ENZYMIC IN VITRO LIPID PEROXIDATION
Enzymic i n  v i t r o  l i p i d  p e r o x id a t io n  was d e te rm in e d  i n  
w hole c e l l  hom ogenates ( s e e  s e c t i o n  2 . 2 . 6 . 1 ) .  S o n ic a te d  c e l l  
hom ogenates (1 -3 .25m g p r o t e i n  p e r  ml in c u b a t io n  medium) was added 
to  a  t e s t  tu b e  and b ro u g h t to  a  f i n a l  volume o f  6 .0  ml w ith  
i n c u b a t io n  medium ( a s  i n  2 . 2 . 5 . 1 . 3 ) .  The tu b e s  w ere in c u b a te d  
w ith  i n t e r m i t t e n t  sh a k in g  f o r  180 m in u te s  in  a  37°C w a te r  b a th ,  
sam p les  f o r  0 tim e  w ere ta k e n  im m e d ia te ly  a f t e r  ad d in g  NADPH and 
f u r t h e r  sam p les  w ere ta k e n  a t  6 0 , 120 and 180 m in u te s . S e p a ra te
0 ,5m l sam p les  ( i n  d u p l i c a t e )  w ere w ithd raw n  a t  each  tim e  to  
m easu re  t h i o b a r b i t u r i c  a c i d - r e a c t a n t  m a te r i a l s  (MDA), F P s, ( a s  
d e s c r ib e d  e a r l i e r )  and a l s o  CDs,
2 .2 .6 .4  NON-ENZYMIC IN, VITRO LIPID PEROXIDATION
Non-enzym ic ifi. v l± r o  l i p i d  p e r o x id a t io n  was in d u ced  and 
m easu red  in  w hole c e l l  h o m o g en a tes . T h is  i s  a s c o rb a te -d e p e n d e n t  
l i p i d  p e r o x id a t io n  ( a l s o  r e q u i r in g  A D P -chela ted  i r o n  ( I I I )  s a l t )  
and was c a r r i e d  o u t  a c c o rd in g  to  th e  m o d if ie d  m ethod o f  K o s te r  
and S le e  (1 9 8 0 ) .
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INCUBATION MEDIUM
4mM a d e n o s in e -5 -d iip h o s p h a te  
l^oM f e r r i e  c h lo r id e  
0.66mM a s c o r b ic  a c id  
lOmM g l u th a t i o n e  (GSH)
Hom ogenate: I.Oing p r o te i n  p e r  ml in c u b a t io n  medium 
Time c o u rse  = 0 ,  60 , 120, and 180 m in u te s  
T em p era tu re  = 37^0
CSF hom ogenate ( i n  1OmM t r i s - H C l  pH 7 .4  b u f f e r  + 0.15M p o ta s s iu m  
c h lo r id e )  was added (I.Omg p r o t e i n  p e r  ml in c u b a t io n  medium) t o  
in c u b a t io n  medium ( a s  a b o v e ) . Sam ples f o r  0 tim e  w ere  ta k e n  
im m e d ia te ly  a f t e r  ad d in g  a s c o r b a te /F e ^ ^  to  medium. The r e s t  o f  
th e  sam ple  was in c u b a te d  a t  37°C . D u p lic a te  0 .5m l sam p les  i n  two 
p o r t i o n  w ere w ithd raw n  a t  6 0 ,1 2 0  and 180 m in u te s  to  m easu re  
t h i o b a r b i t u r i c  a c i d - r e a c t a n t  m a te r i a l s  (MDA), FPs a c t i v i t y  and 
CDs.
2 .2 .6 .5  LIPID EXTRACTION AND FP MEASUREMENT
T his  p ro c e d u re  was c a r r i e d  o u t as i n  2 . 2 . 5 . 1 . 4  e x c e p t  t h a t  
0 .5 m l sam p les  ( i n  d u p l i c a te )  w ere tak e n  from  th e  in c u b a t io n s  and 
th e  volum es o f  s o lv e n t s  u sed  f o r  e x t r a c t i o n  in c r e a s e d  in  
p r o p o r t io n .
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2 .2 .6 .6  CD ESTIMATION
CD c o n te n t  o f  c h lo ro fo rm /m e th a n o l ( 2 :1 ,  v /v )  e x t r a c t s  o f  
w hole CSF hom ogenates w ere  a n a ly s e d  by m easu ring  a b so rb a n c e  a t  
233nm as an i n d i c a t o r  o f  l i p i d  p e r o x id a t io n  (Dodge and P h i l l i p s ,  
1 9 6 6 ). A l l  m easu rem en ts w ere pe rfo rm ed  a g a in s t  a  s o lv e n t  b la n k ,  
CDs w ere e x p re s s e d  a s  r e l a t i v e  a b so rb a n c e  (233nm) p e r  mg w hole 
CSF p r o t e i n .
2 .2 .6 .7  MDA ESTIMATION
MDA a c t i v i t y  i n  in c u b a te d  s o n ic a t e  CSF hom ogenates w ere 
e s t im a te d  a s  d e s c r ib e d  i n  s e c t i o n  2 .2 .5 .1 .5  ab o v e .
2 .2 .7  ANTIOXIDANT STUDIES
The a c t i v i t i e s  o f  th e  a n t io x id a n t  enzym es, CAT, SOD,
GSHPx, GSHR re c o g n is e d  a s  b e in g  p h y s io lo g ic a l ly  im p o r ta n t ,  have
b een  i n v e s t ig a t e d  i n  IMD m u sc le  (K ar and P e a rs o n , 1979; M ech ler 
&L a l .  ,1984) and DMD RBC ( B u r i  jg i. â l . , 1980; H u n te r  e t  a l . .1981 : 
M atk o v ics  a t  S l..»  1982 and H u n te r and Amin, 1 9 8 3 ). Some changes 
hav e  b een  r e p o r te d  b u t  th e  r e s u l t s ,  e s p e c i a l l y  w ith  RBC, a r e  
som ew hat c o n t r a d i c t o r y .  In  our l a b o r a to r y  we have a l s o  found 
t h a t  th e  a c t i v i t i e s  o f  th e s e  enzymes a r e  n o t  d i f f e r e n t  from  
no rm al i n  DMD CSFs (H u n te r , p e r s o n a l  co m m u n ica tio n ).
N e v e r th e le s s  i n  view  o f  th e  p o s s ib le  e x is t e n c e  o f  o th e r  
u n c h a r a c te r i s e d  a n t io x id a n t s  i t  was f e l t  d e s i r a b l e  to  t e s t  th e  
" t o t a l  a n t io x id a n t  a c t i v i t y "  o f  th e  s o lu b le  f r a c t i o n  from  DMD
CSFs. An iü .  v i t r o  sy s tem  based  on a u to x id i s in g  r a t  l i v e r
p a r t i c u l a t e  f r a c t i o n  was s e t  up to  a s sa y  t h i s  a c t i v i t y  as  t h i s  
sy s te m  h as  been  w e l l  c h a r a c t e r i s e d  and s u f f i c i e n t  m a t e r i a l  was
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n o t  a v a i l a b l e  to  u se  th e  same f r a c t i o n  from  CSFs,
2 .2 .7 .1  SUPERNATANT. FRACTION
The s u p e r n a ta n t  f r a c t i o n  from  s o n ic a te d  CSFs ( 2 .2 .5 .1 )  was 
u sed  f o r  th e s e  e x p e r im e n ts . The p r o te i n  c o n te n t  o f  th e
s u p e r n a ta n t  was f i r s t  e s t im a te d  by th e  m ethod o f  Lowry (1951) a s  
i n  2 . 2 . 4 . 4 .
2 .2 .7 .2  RARTICULATE PREPARATION
The p a r t i c u l a t e  f r a c t i o n  from  r a t  l i v e r  was i s o l a t e d
a c c o rd in g  to  th e  m ethod m o d if ie d  a f t e r  K o s te r  and S le e  ( I 98O ),
REAGENTS
(1 )  S u c ro s e , 0.25M n e u t r a l i z e d  to  pH 7 . 0  w ith  0 .1 5mM p o ta s s iu m  
h y d ro x id e .
(2 )  H om ogen iza tion  medium: 0.25M s u c ro s e  + lOmM t r i s - H C l ,  pH
7 . 4 .
ERESH L IVER
M ale r a t s  o b ta in e d  from  th e  Anim al H ouse, U n iv e r s i ty  o f
S t.A n d re w s , S c o tla n d  w ere  used  f o r  a l l  e x p e r im e n ts . The a n im a ls  
w ere a llo w e d  a  no rm al food  and w a te r  s u p p ly  th ro u g h t  th e
e x p e r im e n ts .
The r a t s  w ere  k i l l e d  i n s t a n t l y  w ith o u t  a n a e s th e s i a .  The
l i v e r s  a r e  r a p id ly  e x c is e d ,  imm ersed i n  i c e - c o l d  0.25M s u c r o s e ,
and c u t  i n t o  s e v e r a l  l a r g e  p i e c e s .  The p ie c e s  o f  l i v e r  w ere
■'I
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jb l o t t e d  on a b s o rb e n t  p a p e r , w eighed and p la c e d  i n t o  5 volum es o f  i
h o m o g e n iz a tio n  medium. The' l i v e r  p ie c e s  w ere  f u r t h e r  m inced -I
u s in g  a p a i r  o f  s c i s s o r s  and th e n  s u b je c t  to  h o m o g en iz a tio n  ( a s
b e lo w ) . I
■1
!HOMOGENIZATION PROCEDURE .1
The t i s s u e  in  h o m o g en iz a tio n  medium was t r a n s f e r r e d  to  a  1
3
50ml g l a s s  hom ogenizer (c o o le d  p r i o r  to  u se )  and hom ogenized i
u s in g  a  P o t t e r  E lvehjem  ty p e  t i s s u e  g r in d e r  (A .H . Thomas,
P h i l a d e lp h ia ,  P e n n s y lv a n ia ) . T h e ■ T e f lo n  p e s t l e  was d r iv e n  
m e c h a n ic a l ly  a t  a p p ro x im a te ly  3500xg. The tin œ  o f  h o m o g e n iz a tio n  
f o r  each  up-and-dow n s t r o k e s  (3 -5  s t r o k e s )  was a b o u t 5 s e c o n d s . 
The hom ogenate was c e n t r i f u g e d  a t  600g a t  4^C f o r  10 m in u te s .  
The p e l l e t  ( c e l l  d e b r i s  and n u c le i )  w ere d i s c a r d e d .  The
s u p e r n a ta n t  was t r a n s f e r r e d  i n t o  10x10ml p o ly p ro p y le n e  c e n t r i f u g e  
tu b e s .  The tu b e s  w ere c e n t r i f u g e d  a t  124 ,000xg  in  10x10ml 
T ita n iu m  a n g le  r o t o r  i n  an MSE A u tom atic  S u p e rsp eed  65 
U l t r a c e n t r i f u g e  fo r  60 m in u te s  a t  4^C. The s u p e r n a t a n t  
( c y to p la s m ic  f r a c t i o n )  was rem oved and s to r e d  a t  -70°C  f o r  f u t u r e  
a n a l y s i s .  The p e l l e t  was a g a in  re su sp e n d e d  i n  lOmM t r i s - H C l ,  pH
7 .4  a s  above e x c e p t w ith  0.15M p o ta s s iu m  c h lo r id e  ( i n s t e a d  o f  
0.25M s u c r o s e ) .  The m ix tu re  was c e n t r i f u g e d  a t  124 ,000xg f o r  60 
m in u te s  a t  4°C a s  a b o v e . T h is was r e p e a te d  tw ic e .  The
s u p e r n a ta n t s  w ere rem oved by s u c t io n  and d i s c a r d e d .  The p e l l e t
( p a r t i c u l a t e  f r a c t i o n )  was re su sp e n d e d  in  a  s m a l l  volume o f  lOmM
tr i s - H C l  pH 7 .4  + 0.15M p o ta s s iu m  c h lo r i d e .  The t o t a l  volume was 
m easured  and th e  p r o te in  c o n te n t  e s t im a te d  a s  i n  2 . 2 . 4 . 4 .  The 
s u s p e n s io n  was s to r e d  a t  -7 0 °C .
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N ote :
(1 )  A l l  p ro c e d u re s  w ere  c a r r i e d  o u t  a t  0-4^C , 
i n  c o ld  room, o r  r e f r i g e r a t e d  c e n t r i f u g e .
(2 ) I c e  b u c k e t  was u sed  f o r  t r a n s f e r s
(3 ) A ll  s o l u t i o n s ,  hom ogen iser v e s s e l
c e n t r i f u g e  tu b e s  (10x10m l) and r o t o r ,  p r e c o o le d .
(4 )  R e su sp e n s io n  may n e c e s s i t a t e  r e s o n i c a t io n .
 ............ -1. --MA '.i.. . ..It.
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2 .2 .7 .3  CSF SUPERNATANT STUDIES -  ANTIOXIDANT PROPERTIES
P r io r  to  e x p e r im e n ts  w ith  CSF s u p e r n a ta n t  f r a c t i o n ,  
c o n t r o l  e x p e r im e n ts  w ere  c a r r i e d  o u t  w ith o u t  a d d i t io n  o f  
s u p e r n a t a n t ,  b u t  o th e rw is e  u n d e r  th e  c o n d i t io n s  d e s c r ib e d  below  
f o r  enzym ic and non-enzym ic  l i p i d  p e r o x id a t io n  to  d e te rm in e  th e  
optimum tim e  i n t e r v a l  f o r  in c u b a t io n .
2 .2 .7 .3 .1  ENZYMIC LIPID PEROXIDATION .
The in c u b a t io n  medium c o n ta in e d  a p p ro x im a te ly  1-3.25m g 
p a r t i c u l a t e  p r o te i n  p e r  ml and 3.38mg s u p e r n a ta n t  p r o te in  p e r  mg 
o f  p a r t i c u l a t e  p r o t e i n  p e r  ml in c u b a t io n  medium ( s e e  2 . 2 . 5 . 1 . 3 ) .  
To i n i t i a t e  th e  enzym ic l i p i d  p e r o x id a t io n  r e a c t i o n ,  4mM NADPH 
was added to  th e  sy s te m . 0 .5  ml sam p les  f o r  0 tim e  w ere ta k e n  
im m e d ia te ly  ^ t e r  a d d in g  NADPH to  th e  sy s te m . The r e s t  o f  th e  
sam p les  w ere  in c u b a te d  f o r  60 m in u te s . Then, 0 .5 m l sam p les  w ere  
w ithdarw n  f o r  l i p i d  p e r o x id a t io n  p ro d u c t  e s t im a t io n .
2 .2 .7 .3 .2  N0N-ENZYM1C_LIPID,PEROXIDATION '
The in c u b a t io n  sy s te m  c o n ta in e d  a p p ro x im a te ly  Img o f  
p a r t i c u l a t e  p r o t e i n  and 3.38mg s u p e r n a ta n t  p r o te in  p e r  ml 
in c u b a t io n  medium ( a s  i n  2 . 2 . 6 . 4 ) .  To i n i t i a t e  th e  non-enzym ic  
l i p i d  p e r o x id a t io n ,  0.66mM a s c o r b ic  a c id  w ere added to  th e  
sy s te m . 0 .5m l sa m p les  f o r  0 tim e  w ere ta k e n  im m e d ia te ly  a f t e r  
a d d in g  a s c o r b ic  a c id  to  th e  sy s te m . The r e s t  o f  th e  s u s p e n s io n  
was in c u b a te d  f o r  60 m in u te s  a t  37°C. Then 0 .5m l sam p les  w ere 
w ith d raw n  f o r  l i p i d  p e r o x id a t io n  p ro d u c t  d e te r m in a t io n .
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2 . 2 . 7 . 3 . 3  U f I P .  EXTRACTION
L ip id  e x t r a c t i o n  was c a r r i e d  o u t  a c c o rd in g  to  th e  m ethod 
d e s c r ib e d  in  s e c t i o n  2 . 2 . 5 . 1 . 4 .
2 .2 .7 .3 .4  MDA ESTIMATION
MDA was e s t im a te d  a c c o rd in g  to  th e  m ethod d e s c r ib e d  in  
s e c t i o n  2 . 2 . 5 . 1 . 5 .
2 .2 .7 .3 .5  -CD ESTIMATION
CDs w ere  a s sa y e d  a c c o rd in g  to  th e  m ethod d e s c r ib e d  i n  
s e c t i o n  2 . 2 . 6 . 6 .
2 .2 .7 .3 .6  FP_ESTIMATION
FPs w ere  e s t im a te d  a c c o rd in g  to  th e  m ethod d e s c r ib e d  in  
s e c t i o n  2 . 2 . 5 . 1 . 4 .
2 .3  ELQ.QD. PLASMA STUDIES
2 .3 .1  BLOOD SAMPLING AND WASHING PROCEDURES
2 .3 .1 .1  NORMAL BLOOD PLASMA
A t o t a l  o f  53 no rm al human b lood  p lasm a sam p le s  w ere  used  
in  t h i s  s tu d y ,  o b ta in e d  from  10ml w hole b lo o d  was f r e s h l y  draw n 
by v e n e p u n c tu re  i n t o  l i  th iu m -h  epa r i n  tu b e s  from  h e a l th y
c o n t r o l s .  Donor w ere s te u ff  o r  o u t - p a t i e n t s  from  N in ew e ll 
H o s p i ta l ,  D e p a rtm en ts  o f  P a e d ia t r i c s  and B io c h e m ic a l M e d ic in e , 
Dundee as w e l l  as s t a f f  and s tu d e n t s  from  D ep artm en t o f
B io c h e m is try  and M ic ro b io lo g y , U n iv e r s i ty  o f  S t.A n d re w s , M ost
norm al d o n o rs  w ere  c o m p le te ly  h e a l th y .  Young m ales  (9 -1 6  y e a r s )
...
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w ere p a t i e n t s  a t t e n d in g  a p a e d ia t r i c s  o u t - p a t i e n t  c l i n i c  bu t who 
w ere n o t s u f f e r in g  from  m u scu la r o r neu ro m u scu la r d i s e a s e .  
Sam ples a re  l i s t e d  i n  T ab le  4 .
2 . 3 . 1 . 2  DMD. BlLQ.QP-.fLASMA
A t o t a l  o f  27 DMD p lasm a sam ples w ere used  i n  t h i s  s tu d y , 
o b ta in e d  from  10ml o f  w hole b lood  a s  above. The 27 in d iv id u a l  
s u b je c t s  w ere co n firm ed  by c l i n i c a l  and b io c h e m ic a l c r i t e r i a  to  
be DMD s u f f e r e r s .  They w ere a l s o  o b ta in e d  from  N inew ell H o s p ita l  
a s  w e l l  a s  from  D epartm en t o f M edic ine, U n iv e r s i ty  C o lleg e  o f 
London. They a r e  l i s t e d  i n  T ab le  ( 5 ) .
2 .3 .1 .3  BLOOD- WASHING PROCEDURE
10ml o f  b lood  ( s e e  s e c t i o n  2 .3 .1 * 1  and 2 .3 * 1 .2 )  was 
c e n t r i f u g e d  a t  1075xg f o r  10 m in u te s . The plasm a was a s p i r a te d  
and s to r e d  a t  -20°C  f o r  f u tu r e  ex p e rim e n t. The b u ffy  c o a t  and 
RBC w ere d is c a r d e d .
;
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table (11)
BLOOD PLASMA INFORMATION 
NORMAL CONTROL BLOOD PLASMA^
RAI IPNJ.. name  DATE OF SAMPLING B SL
PN 2 5 .0 6 .8 0  M
AS 2 5 .0 6 .8 0  M
CV 2 5 .0 6 .8 0  M
JG 2 5 .0 6 .8 0  M
NP 2 5 .0 6 ,8 0  M
PdV 2 8 .0 6 .8 0  M
MSB 2 3 .0 7 .8 0  M
IMcL 2 3 .0 7 .8 0  M
DJ 2 8 .0 7 .8 0  M
ID 3 1 .0 7 .8 0  M
DK 3 1 .0 7 .8 0  M
MISH 0 9 .0 5 .8 1  M
MSL 0 9 .0 5 .8 1  F
DK 2 3 .0 5 .8 1  M
JBM 2 3 .0 5 .8 1  M
AH 3 1 .0 7 .8 2  M
MISH 1 0 .1 0 .8 2  M
SA 1 0 .1 0 .8 2  F
JBM  1 0 .1 0 .8 2  M
DK 1 2 .1 2 .8 2  M
MSL 1 2 .1 2 .8 2  M
a = age  betw een  18 and 35 y e a r s .
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TABLE (4 )
(CONTINUED)
NORMAL CONTROL BLOOD PLASMA  ^
p ati e nt name date OF-SAMPLING BM.
MSL 0 9 .0 5 .8 4  F
MB 1 7 .0 5 .8 3  M
DK 2 3 .0 5 .8 3  M
AI 2 3 .0 5 .8 3  M
PR 2 3 .0 5 .8 3  M
AT 2 3 .0 5 .8 3  M
MISH 2 5 .0 5 .8 3  M
JBM 2 5 .0 5 .8 3  M
DS 2 5 .0 5 .8 3  M
DL 2 5 .0 5 .8 3  M
AG 2 5 .0 5 .8 3  M
LC 2 5 .0 5 .8 3  M
JQ 3 0 .0 5 .8 3  ' M
EJ 1 3 .0 6 .8 3  M
ML 1 2 4 .0 8 .8 3  M
ML 2 2 4 .0 8 .8 3  M
JDB 2 4 .0 8 .8 3  M
BCN 1 8 .1 1 .8 3  M
AL 1 8 .1 1 .8 3  M
JH 1 8 .1 1 .8 3  M
J  M 1 8 .1 1 .8 3  M
PN 1 8 .1 1 .8 3  M
b = ag e  be tw een  20 and 35 y e a r s .
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TABLE (4 )
NORMAL CONTROL PLASMA (CHILDREN SAMPLES)°
P A T IE N T  NAME DATE Œ" SAM PLING B E L
PA 2 4 .1 .8 4  M
A 2 4 .1 .8 4  M
LH 2 4 .1 .8 4  M
MG 2 6 .1 .8 4  M
HT 1 6 .2 .8 4  M
FF 1 6 .2 .8 4  M
GR 1 6 .2 .8 4  M
AE 2 0 .2 .8 4  F
EP 1 9 .4 .8 4  M
GP 1 9 .4 .8 4  M
c = ag e  betw een  4 and ^ 6  y e a r s .
..ku\ ■ . .... . . J
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TABLE (U)
DUCHENNE MUSCULAR DYSTROPHY BLOPP^PLASMA^
PAT IENT NAME DATE OF SAMPLING BEL
TB 1 7 .0 7 .8 0  M
IB 17 . 07 .80  ‘ M
DB 17 . 07 .80  M
RT 1 7 . 07 .80  M
D 1 1 7 .0 7 .8 0  M
D 2 17 . 0 7 .80  M
D 3 17 . 07 .80  M
ND 1 2 .1 1 .8 0  M
RT 17 .0 7 .8 1  M
BJ 2 8 .0 8 .8 1  M
DD 1 2 .1 1 .8 1  M
D 4 0 5 .0 4 .8 2  M
Md 0 9 .0 6 .8 2  M
D 5 2 2 .0 6 .8 2  M
D 6 2 9 .0 6 .8 2  M
DS 0 3 .0 8 .8 2  M
DG 0 3 .0 8 .8 2  M
D 7 1 2 .1 1 .8 2  M
d = ag e  betw een  4 and 12 y e a r s
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TAPl P . i Si
(CONTINUED)
DUCHENNE MUSCULAR DYSTROPHY BLOOD PLASMA^
P A T IE N T  NAME DATE OF SAMPLING
DC
SO
JT
DT
NRJ
MF
3 1 .0 5 .8 3
3 1 .0 5 .8 3
0 2 .0 6 .8 3
0 2 .0 6 .8 3
0 2 .0 6 .8 3
0 2 .0 6 .8 3
M
M
M
M
M
M
JM
DR
PM
1 7 .0 1 .8 4
2 2 .0 1 .8 4
1 6 .0 2 .8 4
M
M
M
e = age  be tw een  4 and 16 y e a r s .
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2 .3 .2  FRESH PLASMJL STUDIES
2 .3 .2 .1  LIPID EXTRACTION
0.5m l f r e s h  human b lood  p lasm a was t r a n s f e r r e d  to  a  Q and 
Q c e n t r i f u g e  tu b e  ( i n  d u p l ic a te )  and e x t r a c t e d  w ith  5 .0  ml 
c h lo ro fo rm /m e th a n o l ( 2 :1 ,  v / v ) .  The tu b e s  w ere sh ak en
i n t e r m i t t e n t l y  f o r  1 -2 h o u rs  a t  room te m p e ra tu re .  Then th e  tu b e s  
w ere c e n t r i f u g e d  a t  12 ,000xg  f o r  10 m in u te s .  The u p p e r l a y e r  and 
p r e c i p i t a t e d  p r o t e i n  a t  th e  i n t e r f a c e  w ere d i s c a r d e d .  Then 2 .0m l 
c h lo ro fo rm  and 2 .0m l o f  0.05N p o ta s s iu m  c h lo r id e  w ere added i n t o  
th e  tu b e s .  The tu b e  c o n te n ts  w ere  m ixed th o ro u g h ly  on a v o r te x  
m ix e r a t  h ig h  sp eed  and th e n  c e n t r i f u g e d  a t  12 ,000xg  as a b o v e . 
The u p p e r l a y e r  (m e th a n o l /w a te r /p o ta s s iu m  c h lo r id e )  w ere removed 
and d i s c a r d e d .  The lo w e r l a y e r  ( c h lo r o fo r m - r ic h  l a y e r )  was 
rem oved and t r a n s f e r r e d  i n t o  a  10ml t e s t  tu b e  and d r ie d  u n d e r  
n i t r o g e n .  The d r ie d  r e s id u e s  w ere th e n  d is s o lv e d  in  5 .0m l 
c h lo ro fo rm . The l i p i d  a l i q u o t  was s to r e d  a t  -20^C f o r  l i p i d  
p e r o x id a t io n  p ro d u c ts  e s t im a t io n .
2 .3 .2 .2  MPA ESTIMATION
2 .3 .2 .2 .1  METHOD 1
T his m ethod was based  on t h a t  o f  K o s te r  and S le e  (1 9 8 0 ) . 
To 0 .5m l sa m p le , 0 .5m l 35% t r i c h l o r o a c e t i c  a c id  and 0 .5 m l 50mM 
t r i s - H C l ,  pH 7 .4  w ere a d d ed . A f te r  c e n t r i f u g a t i o n  and a d d i t i o n  
o f  1 .0m l 0.75% t h i o b a r b i t u r i c  a c id ,  th e  m ix tu re  was b o i le d  f o r  15 
m in u te s . A f te r  c o o l in g ,  1 .0m l 70% t r i c h l o r o a c e t i c  a c id  was added 
and th e  a b so rb a n c e  re a d  a t  532nm.
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2 . 3 . 2 . 2 . 2  M ETHQ g-,2
T h is  m ethod was b ased  on t h a t  o f  S a to h  (1 9 7 8 ) . To th e  
0 .5 m l p lasm a , 2 .5 m l o f  20% t r i c h l o r o a c e t i c  a c id  was added and th e  
tu b e  was l e f t  to  s ta n d  f o r  10 m in u te s  a t  room te m p e ra tu re .  A f te r  
c e n t r i f u g a t i o n  a t  12 ,000 xg  f o r  10 m in u te s , th e  s u p e r n a ta n t  was 
d e c a n te d  and th e  p r e c i p i t a t e  was washed once w ith  0.05M s u l f u r i c  
a c id .  Then 2 .5m l o f  0.'05M s u l f u r i c  a c id  and 3 .0m l o f  0.2% 
t h i o b a r b i t u r i c  a c id  in  2M sodium  s u l f a t e  w ere added to  t h i s  
p r e c i p i t a t e  and th e  c o u p lin g  o f  l i p i d  p e ro x id e  w ith  
t h i o b a r b i t u r i c  a c id  was c a r r i e d  o u t  by h e a t in g  in  a  b o i l i n g  w a te r  
b a th  f o r  30 m in u te s .  A f t e r  c o o lin g  i n  c o ld  w a te r ,  th e  r e s u l t i n g  
chrom ogen was e x t r a c t e d  w ith  4 .0m l o f  n - b u ty l  a lc o h o l  by v ig o ro u s  
s h a k in g . S e p a r a t io n  o f  th e  o rg a n ic  phase  was f a c i l i t a t e d  by 
c e n t r i f u g a t i o n  a t  12 ,000xg  f o r  10 m in u te s  and i t s  a b so rb a n c e  
d e te rm in e d  a t  530nm.
2 .3 .2 .2 .3  METHOD 3
T h is  m ethod was b ased  on t h a t  o f  S l a t e r  (1 9 7 1 ) . 2 .5m l o f
20% t r i c h l o r o a c e t i c  a c id  and 1 .0m l o f  0.67% t h i o b a r b i t u r i c  a c id  
w ere added to  0 .5m l o f  se rum , and th e  m ix tu re  h e a te d  i n  a  b o i l i n g  
w a te r  b a th  f o r  30 m in u te s .  The r e s u l t i n g  chrom ogen was e x t r a c t e d  
w ith  4 .0m l n - b u ty l  a lc o h o l  and th e  a b so rb a n c e  o f  th e  o r g a n ic  
p h ase  d e te rm in e d  a t  530nm.
2 . 3 . 2 . 2 . 4  M Q D IE IË P...METHOD
T h is  m ethod was m o d if ie d  to  s o lv e  some prob lem s w hich 
a ro s e  from  each  o f  th e  above m eth o d s. Only method 3 d e v e lo p e d  a
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s t a b l e  TBA-MDA c o lo u r*  The chroraophore was u n s ta b le  w ith  m ethod 
1 and was n o t  d e v e lo p ed  a t  a l l  w ith  m ethod 2 . ’ The r e a s o n  f o r  th e  
f a i l u r e  o f  d ev e lo p m en t w ith  m ethod 2 may be due to  th e  low 
t r i c h l o r o a c e t i c  a c id  c o n c e n t r a t io n  (0 .2m g /m l) w hich may n o t  be 
s u f f i c i e n t  to  p r e c i p i t a t e  th e  t o t a l  p lasm a p r o t e i n .  The a f f i n i t y  
o f  TEA to  r e a c t  w ith  MDA d u r in g  b o i l i n g  (100°C) may a l s o  be 
red u c e d  s in c e  0 .02m g/m l may n o t  be a d e q u a te  to  p ro d u ce  a  h ig h  
i n t e n s i t y  o f  TBA-MDA c o lo u r .  A l a r g e  b ro ad  peak a t  450nm which 
i n t e r f e r e s  w ith  th e  MDA peak  a t  532nm made m ethod 3 u n s u i t a b le  
f o r  MDA e s t im a t io n  ( e s p e c i a l l y  p la s m a ) . T h is  i n t e r f e r e n c e  was 
s u g g e s te d  by S a to h  (1978 ) to  be due to  th e  r e a c t i o n  o f  s i a l i c  
a c id  w ith  TBA. T h is  may e x p la in  th e  u n s ta b le  c o lo u r  d e v e lo p e d  
w ith  m ethod 1 and prom pted  S a to h  (M ethod 2) to  u se  sodium  s u l f a t e  
(2M) w hich he c la im ed  h e lp e d  to  re d u c e  th e  i n t e r f e r i n g  peak  a t  
450nm. A m o d if ie d  m ethod (below ) was t h e r e f o r e  d e v e lo p e d  to  
overcom e th e s e  d i f f i c u l t i e s .  To 0 ,5 m l p lasm a 0 .5 m l 35%
t r i c h l o r o a c e t i c  a c id  was added and th e  tu b e  l e f t  t o  s ta n d  f o r  10 
m in u te s  a t  room te m p e ra tu re .  Then 0 .5 m l 50mM t r i s - H C l ,  pH 7 .4  
w ere a d d ed . A f te r  c e n t r i f u g a t i o n  a t  12 ,000xg  f o r  10 m in u te s , th e  
s u p e r n a ta n t  was d e c a n te d  and th e  p r e c i p i t a t e  was w ashed once  w ith  
0.05M s u l f u r i c  a c id .  Then 1 .0m l 0.75% t h i o b a r b i t u r i c  a c id  i n  2M 
sodium  s u l f a t e  w ere added to  t h i s  p r e c i p i t a t e  and mixed 
th o ro u g h ly .  The c o u p lin g  o f  l i p i d  p e ro x id e  w ith  t h i o b a r b i t u r i c  
a c id  was c a r r i e d  o u t  by h e a t in g  i n  a  b o i l i n g  w a te r  b a th  f o r  45 
m in u te s . A f te r  c o o lin g  a t  room te m p e ra tu re ,  th e  r e s u l t i n g  
chrom ogen was e x t r a c t e d  w ith  4 .0m l n - b u ty l  a lc o h o l  by v ig o ro u s  
sh a k in g  and th o ro u g h  m ix in g . S e p a ra t io n  o f  th e  o rg a n ic  p h a se  was 
f a c i l i t a t e d  by c e n t r i f u g a t i o n  a t  12 ,000xg  f o r  10 m in u te s .
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C om plete s p e c t r a  be tw een  O.D„^„ and w ere o b ta in e d450nm oOOnm
a g a in s t  a  r e a g e n t  b la n k .  The MDA c o n c e n t r a t io n  o f  th e  sam ple can  
be c a lc u la te d  u s in g  an e x t i n c t i o n  c o e f f i c i e n t  o f  1 ,56x10^  m~  ^
cm  ^ ( W il l ,  1969) .  A l l  r e s u l t s  w ere  e x p re s se d  as nmol MDA p e r  ml 
p lasm a , ,
As shown i n  F ig ,  20 th e  c u rv e  was l i n e a r  up to  20nm ol/m l t|
MDA when s ta n d a r d  MDA c o n c e n t r a t io n  was p l o t t e d  a g a in s t  
a b so rb a n c e  a t  532nm. However, th e  s p ik e  sam p les  was n o t  t e s t e d  
w ith  th e  m ethod.
2 .3 .2 .3  CD-.ESTIMATIQN
CDs w ere a s sa y e d  a c c o rd in g  to  th e  m ethod d e s c r ib e d  i n  s e c t i o n  
2 .2 .6 .6 .
2 .3 .2 .4  FFLESTIMATION
FPs w ere e s t im a te d  a c c o rd in g  to  th e  m ethod d e s c r ib e d  in  
s e c t i o n  2 . 2 . 5 . 1 . 4 .
2 . 3 .3  PLASMA STORAGE STUDIES 
2 .3 .-3 .1  STORAGE PROCEDURE
Human p lasm a , s to r e d  a t  -2 0 °C , (healthy+DMD) was o b ta in e d  
from  p re v io u s  s t u d i e s .  The sam p les  to  co v e red  a ra n g e  o f  s to r a g e  
p e r io d s  0 ,5  to  3 y e a r s .  A l l  p lasm a sam ples on thaw ing  w ere  c l e a r  
and i n d i s t i n g u i s h a b l e  to  th e  naked eye a s  to  a g e . The sam p les  
used  a r e  l i s t e d  i n  t a b l e  (4 )  and (5 )  i n  p re v io u s  s e c t i o n .
In  a d d i t i o n ,  an  e x p e rim e n t was c a r r i e d  o u t  on sam ple  from  
two h e a l th y  s u b je c t s  to  e v a lu a te  l i p i d  p e r o x id a t io n  p ro d u c t  
l e v e l s  d u r in g  i n  0 .5  y e a rs  o f  s to r a g e  a t  -2 0 °C .
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F ig u r e  2 0 , S ta n d a rd  c u rv e  o f  ro a lo n d ia ld e h y d e .
0  5 -
Omt n
z O ' 3 -<00cro
U )
0 0c  0-2“
0  5  1 0  1 5  M D A  CONCENTRATION [nmol] 20
.. L.
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2 . 3 .4  &NIIOXIDANIS IN.. HDMAN, ELQgP. PLASMA
2 .3 .4 .1  BIPASSAI STUDIES. -  TOTAL ANTIQXIDANT ACTIVITY ( k O k )
T o ta l  AGA was m easured  u s in g  an a d a p ta t io n  o f  th e  m ethod
o f  S to c k s  £jb. jaL (1 9 7 4 ) .
2 . 3 . 4 . 1 . 1  AHIMAL, SOURCE 
F re sh  o x - b r a in  was o b ta in e d  from  S t.A ndrew s s l a u g h t e r
house  from  f r e s h l y  s la u g h te r e d  a n im a ls  and was t r a n s p o r t e d  to  th e  
l a b o r a to r y  packed  i n  i c e .
2 .3 .4 .1 .2  PREPARATION CF STANDARD HOMQGENATE 
The ox b r a in  was s t r i p p e d  o f i t s  m eninges and a l l  b lo o d
c l o t s  w ere washed o f f  in  i c e - c o ld  0 .1 5M sodium  c h lo r i d e ;  The 
t i s s u e  was th e n  chopped i n t o  s m a ll  p ie c e s  and hom ogenized f o r  2 
min u s in g  a  P o t t e r  E lveh jem  ty p e  t i s s u e  g r i n d e r ,  in  f o u r  tim es  
i t s  w e ig h t o f  i c e - c o ld  PBS (40mM p o ta s s iu m  d ih y d ro g e n  
p h o s p h a te /d ip o ta s s iu m  hyd rogen  p h o sp h a te , pH 7 .4  i n  0 .1 42M sodium  
c h l o r i d e ) .  The hom ogenate was c e n t r i f u g e d  f o r  15min a t  3500xg. 
The s u p e r n a ta n t  f l u i d  was t r a n s f e r r e d  to  20ml d i s p o s a b le  
c o n ta i n e r s .  T hese  w ere s to r e d  a t  -20°C  f o r  up to  8 w eeks.
2 . 3 . 4 . 1 . 3  AUTOXIDATION 
A sam ple  o f th e  s to c k  b r a in  hom ogenate was thaw ed a t  room
te m p e ra tu re  and im m e d ia te ly  d i l u t e d  w ith  t h r e e  t im e s  i t s  volume 
o f  PBS. 5 .0m l p o r t i o n s  o f  th e  d i l u t e  hom ogenate w ere t r a n s f e r r e d  
i n t o  a  s e r i e s  o f  c o n ta i n e r s .  Sam ples ( 5pUl) o f  p lasm a o r  PBS 
( c o n t r o l )  w ere a d d e d . A l iq u o ts  f o r  z e ro - t im e  MDA e s t im a t io n s
J
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w ere rem oved im m e d ia te ly . The c o n ta in e r s  w ere th e n  t r a n s f e r r e d  
to  a  37^C w a te r  b a th  and in c u b a t io n  was c o n tin u e d  f o r  e x a c t ly  
1h o u r •
2 . 3 . 4 . 1 . 4  MDA-ESTIMATION
MDA c o n c e n t r a t io n  in  th e  z e ro - t im e  and one h o u r a l i q u o t s
w ere m easured  by th e  t h i o b a r b i t u r i c  a c id  r e a c t i o n  (S in n h u b e r  and
Yu, 1958; S to c k s  and Dormandy, 1971; S to c k s  e t  a l . ,1 9 7 4 ) . 2 .0m l
TCA ( 2 8 0 g / l )  was added to  4 .0m l o f  hom ogenate and th e
p r e c i p i t a t e d  p r o te i n  rem oved by c e n t r i f u g a t i o n .  Then 4 .0m l
- s u p e r n a ta n t  was h e a te d  w ith  1 ,0m l o f  1 0 g /l  (w /v ) t h i o b a r b i t u r i c
oa c id  f o r  15min a t  100 C. A bsorbance  was m easured  a t  532nra. 
R e s u l ts  w ere c a lc u la t e d  as  nmol MDA p e r  ml p la sm a .
2 .3 .4 .1 .5  CALCULATION OF ANTIOXIDANT ACTIVITY
i The a n t i o x id a n t  a c t i v i t y  o f  p lasm a was e x p re s s e d  i n  te rm s
I o f  p e rc e n ta g e  i n h i b i t i o n  o f  s p o n ta n e o u s  a u to x id a t io n  a s  m easu red
i in  th e  c o n t r o l  hom ogenate. The c a l c u l a t i o n  was based  on th e
i
‘ fo llo w in g  e q u a tio n :
nmol o f  MDA/ml (T ^ )-nm o l o f  MDA/ml (Tq )
nmol o f  MDA/ml (C ^)-nm ol o f  MDA/ml (0 ^ )  
Cq = C o n tro l  a t  0 tim e  
0^ = C o n tro l  a t  1 hour 
Tq = T e s t  a t  0 tim e  
T  ^ = T e s t  a t  1 h o u r
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2 .3 .4 .2  VITAMIN E ES.JIMAIIQM
2 .3 .4 .2 .1  STANDARD ALPHA-TQCQPHERQL
A s to c k  s o l u t i o n  o f  Im g/m l was d is s o lv e d  i n  m eth an o l and 
s to r e d  i n  d a rk  b o t t l e s  a t  -2 0 °C . The w ork ing  s ta n d a r d  was 
p re p a re d  by d i l u t i n g  s to c k  s o l u t i o n  (1 :5 0  v /v )  i n  m eth an o l ( f i n a l  
c o n c e n t r a t io n  2 0 m g /l) , s to r e d  i n  d a rk  b o t t l e s  a t  -20^C  and n e v e r  
exposed  to  n a t u r a l  i l l u m i n a t i o n .  W orking s ta n d a r d  was p re p a re d  
f r e s h  e v e ry  2 w eeks.
2 .3 .4 .2 .2  INTERNAL STANDARD (TOCOL)
T oco l was a  g i f t  o f  Roche P h a rm a c e u tic a ls  (Welwyn G arden 
C i ty ,  H e r t f o r d s h i r e  ALT SAY, E ng land ) and was o b ta in e d  a s  a  s to c k  
s o l u t i o n  i n  m eth an o l ( a p p ro x im a te ly  2 m g /l ) .  The s o l u t i o n  was 
s to r e d  i n  a  d a rk  c o n ta in e r  a t .  -2 0 °C . The w o rk in g  i n t e r n a l  
s ta n d a r d  was p re p a re d  by d i l u t i n g  s to c k  i n t e r n a l  s ta n d a r d  (1 :5 0  
v /v )  i n  m e th a n o l. The w ork ing  i n t e r n a l  s ta n d a r d  was s to r e d  in  
daric b o t t l e s  a t  -20^C  and u n d e r th e s e  c o n d i t io n s ,  i t  was s t a b l e
i n d e f i n i t e l y .  The c a l i b r a t i o n  s o lu t i o n  (1 :1 0  v /v )  was p r e p a r in g  
by d i l u t i n g  th e  w ork ing  i n t e r n a l  s ta n d a r d  (1 0 0 :9 0 0  v /v )  i n  
m e th a n o l. The c a l i b r a t i o n  s o lu t i o n  was p re p a re d  f r e s h  f o r  each  
e s t i m a t io n .
2 .3 .4 .2 .3  UALIBBATIDN. STANDARD.
E qual volum es o f  a lp h a - to c o p h e ro l  (2 0 m g /l)  and to c o l  (1 :1 0  
v /v )  s to r e d  a t  -20°C  i n  da rk  c o n ta i n e r .  They w ere p re p a re d  f r e s h  
e v e ry  c o u p le  o f  d a y s .
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2 .3 .4 .2 .4  EXTRACTION PROCEDURE
D u p l ic a te  5 0 (^1  a l i q u o t s  o f  p lasm a w ere p i p e t t e d  i n t o  
p re-w ash ed  (m e th a n o l th e n  w ith  hexane) g l a s s  e x t r a c t i o n  tu b e s .  
To each  tu b e  2 ^ 1  w orking  to c o l  s ta n d a rd  (1 :5 0  v / v ) ,  was added 
w ith  a  a  m icro  s y r in g e  and mixed th o ro u g h ly  w ith  a  v o r te x  m ix e r . 
W hile th e  tu b e  c o n te n ts  w ere mixed on a  v o r te x  m ix e r , 5 0 ^ 1  
e th a n o l  w ere added s lo w ly  to  d e p r o te in iz e  th e  sam p le . Then 2 .0m l 
hexane (HPLC g ra d e )  w ere added to  e x t r a c t  th e  sam ple fo llo w e d  by 
m ix ing  w ith  a  v o r te x  m ix e r f o r  1 m in u te  c o n tin u o u s ly .  The tu b e  
c o n te n ts  w ere c e n t r i f u g e d  f o r  5 m in u te s  a t  1 2 ,0 0 0 x g . A f te r  
c e n t r i f u g a t i o n ,  th e  s u p e r n a ta n t  was t r a n s f e r r e d  to  a  c o n ic a l  
10x100mm g l a s s  tu b e  and th e  aqueous l a y e r  r e - e x t r a c t e d  w ith  2 .0m l 
hexane  f o r  1 m in u te  as  b e f o r e .  The com bined o r g a n ic  e x t r a c t s  
w ere  e v a p o ra te d  a t  40°C u n d e r  a  s tre a m  o f  n i t r o g e n  on  a  
D r i-B lo c k . The r e s id u e  was r e - d i s s o lv e d  in  500u l m eth an o l and 
c e n t r i f u g e d  f o r  5 m in u te s  a t  1 2 ,0 0 0 x g . Then th e  m eth an o l e x t r a c t  
was s to r e d  in  a  d a rk  c o n ta in e r  a t  -20°C  u n t i l  a n a ly s i s  by HPLC.
2 .3 .4 .2 .5  HPLC CONDITIONS AND ANALYSIS
2 .3 .4 .2 .5 .1  INSTRUMENTATION
H P L C - .R Q D B L
A GILSON l i q u i d  ch rom atog raph  equ ip p ed  w ith  a  Model 702 
G ra d ie n t  M anager, Model 802 M onom etric M odule, Model 303 l i q u i d  
d e l i v e r y  m odu le , in  c o n ju n c t io n  w ith  a  Model HM/HPLC Holochrom e 
U.V-VIS d e t e c t o r  w ere used  f o r  t h i s  s tu d y .
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g m a m o G B A P H i  c o l u m n
S t a i n l e s s  s t e e l  colum n packed w ith  r e v e r s e d - p h a s e  ZORBAX 
ODS (C^g) ( p a r t i c l e  s i z e  5~6um) 4.6mm i . d  x 2.5cm  
s u p p l ie d  by D uPont in s t r u m e n ts ,  W e ll in g to n , D e law are .
MOBILE PHASE. FLOW RATE AND PRESSURE
E lu t io n  was p e rfo rm ed  w ith  m ethano l a t  a  flo w  r a t e  o f  2ml 
p e r  m in u te  ( p r e s s u r e  = 2000 P S I ) ,
DETECTOR WAVELENGTH
The column e f f l u e n t  was m on ito red  a t  292nm 
a t  a  s e n s i t i v i t y  s e t t i n g  o f  0 .0 2 .
GUARD COLUMN
A D u-Pont s t a i n l e s s  s t e e l  column
(4.6mm i . d  x 5cm) packed  w ith  ODS was u s e d .
BE.ÇPBDER
Shim adzu D a ta  P r o c e s s o r  Chrom atopac C-RIB was 
em ployed (Shim adzu C o o p e ra tio n ,
A n a ly t i c a l  In s t r u m e n ts  P la n t s ,  K yo to , J a p a n ) .
2 . 3 . 4 . 2 . 5 . 2  m e .  M AL I B I .S
1 0 ^ 1  o f  th e  sam ple was in je c te d  o n to  th e  to p  o f  colum n 
u s in g  a s y r in g e  lo a d in g  sam ple i n j e c t o r  (M odel 7125; from  
Rheodyne I n c o r p o r a te d ,  C a l i f ,  USA), The a b so rb a n c e  a t  292nm was 
m easu red  a t  a  c h a r t  sp eed  o f  0.5cm  p e r  m in u te . Peak a re a s  w ere
a u to m a t i c a l l y  o b ta in e d  by means o f  a  Shim azu D a ta  P r o c e s s o r  
C h ro m ato p ac . I n s t r u m e n t  was c a l i b r a t e d  w i th  an e q u a l  volum e o f  
a lp h a - to c o p h e r o l  (2 0 m g /l)  and  t o c o l  ( 1 :1 0  v /v )  p r i o r  t o  ea ch  
r u n .  The in s t r u m e n t  i s  c a p a b le  o f  p r i n t i n g  ch rom ato g ram  
(w avefo rm ) and  p r o c e s s e d  d a t a  ( v a lu e s  i n  m g / l i t r e  
a l p h a - to c o p h e r o l ) )  on  t h e  same r e c o r d in g  c h a r t .
2 . 3 . 4 . 3  DETERMINATION OF CAERULOPLASMIN AND TRANSFERRIN
Q u a l i t a t i v e  r a d i a l  im m u n o d if fu s io n  and r o c k e t  ( L a u r e l l )  
im m u n o e le c tro p h o re s is  w ere  u se d  to  e s t i m a t e  c a e r u lo p la s m in  and 
t r a n s f e r r i n  a c c o rd in g  to  th e  m ethod o f  Kemp (1983» p e r s o n a l  
c o m m u n ic a tio n ) .
2 .3 . 4 . 3 . 1  BUFFER PREPARATION
B u f f e r  f o r  a g a r  and e l e c t r o p h o r e s i s  was p r e p a r e d  as  
f o l lo w e d :  4 .7 g  t r i s  w ere  d i s s o lv e d  i n  d i s t i l l e d  w a te r ,  5 .0 m l 1M
p h o s p h o r ic  a c id  added  and th e  m ix tu re  made up to  1 l i t r e  w ith  
d i s t i l l e d  w a te r .  T hen , t h e  pH was a d ju s t e d  to  S .6 .
2 . 3 . 4 . 3 . 2  AGAROSE PREPARATION
I.O g  a g a ro s e  was so a k ed  in  50ml w a te r  and b ro u g h t
c a r e f u l l y  t o  th e  b o i l .  S h o r t l y  a f t e r  b o i l i n g ,  vdien a l l  t h e  a g a r  
had d i s s o l v e d ,  0 .0 5 g  sod ium  a z id e  w ere  added  and th e  a g a r
d i s p e r s e d  i n t o  5ml a l i q u o t s ,  w h ich  w ere  s to r e d  a t  4°C and
r e m e l te d  a s  r e q u i r e d .
2 .3 .4 .3.3 methods
2 . 3 . 4 . 3 . 3 . 1  RADIAL IMMUNODIFFUSION
5 .0 m l o f  a g a r  w ere  m e lte d  and 5 .0m l p h o s p h a te  b u f f e r  pH
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8 .6  (prew arm ed to  50°C) w ere added . The m ix tu re  was m ixed 
th o ro u g h ly  and l e f t  a t  50°C f o r  10 m in u te s . Then 1ml 10% human 
a n t i - s e r u m  ( r e c o n s t i t u t e d  a n t i - t r a n s f e r r i n  -  was a llo w ed  to  s ta n d  
f o r  1 ho u r a t  room te m p e ra tu re  b e fo re  u se ) was added and p o u red  
im m e d ia te ly  a f t e r  th o ro u g h ly  m ixing ( a s  q u ic k ly  as p o s s ib l e  b u t  
a v o id in g  a i r  b u b b le s )  o n to  a  p l a s t i c  im m u n o d iffu sio n  p l a t e .  The 
p l a t e  was l e f t  f o r  30 m in u te s  to  a llo w  th e  a g a r  to  s o l i d i f y .  
H oles ( o r  w e l ls )  w ere  punched i n  th e  s o l i d i f i e d  a g a r  w ith  a  h o le  
p u n c h e r (medium s i z e )  a b o u t 2mm in  d ia m e te r  and a p p ro x im a te ly  2cm 
a p a r t .  The w e l ls  w ere f i l l e d  w ith  l ÿ i l  p lasm a sam ples ( u n d i lu te d  
sam p les  f o r  c a e ru lo p la s m in ;  1 :2  sam p les .f o r  t r a n s f e r r i n ) .  
D i f f e r e n t  d i l u t i o n s  o f  a  s ta n d a rd  plasm a s o lu t i o n  was u sed  to  
p l o t  a  s ta n d a rd  c u rv e  ( d i l u t i o n s :  1 :1 , 1 :2 , 1:3» and 1 : 4 ) .  The
re m a in in g  w e l ls  w ere  used  f o r  th e  sam ples b e in g  a n a ly z e d . Each 
w e l l  was f i l l e d  w ith  sam ples ( u n d i lu te d  sam p les  f o r  
c a e ru lo p la s m in  a n a ly s i s  b u t 1 :2  d i l u t i o n  f o r  t r a n s f e r r i n  
a n a l y s i s ) ;  th e  d i l u e n t  was p h o sp h a te  b u f f e r  pH 8 .6 .  Then th e  
p l a t e s  w ere  l e f t  i n  a  m o is tu re  cham ber a t  room te m p e ra tu re .  
A f t e r ,  48 h o u rs  th e  d ia m e te r  o f  c i r c u l a r  im ra u n o p re c ip i ta te s  in  
th e  g e l  l a y e r  w ere m easured  u s in g  MacSweeney r u l e r  a g a in s t  a  d a rk  
b ack g ro u n d . S ta n d a rd  c u rv e  w ere o b ta in e d  by p l o t t i n g  th e  s q u a re s  
o f  th e  s ta n d a r d  c o n t r o l  d ia m e te rs  (mm) a g a in s t  a n t ig e n  
c o n c e n t r a t io n .  The d ia m e te r s  o f  th e  im m u n o p re c ip itin  r i n g s  o f  
th e  t e s t  sam p les  w ere  th e n  m easu red . The c o rre s p o n d in g  p r o t e i n  
c o n c e n t r a t io n s  w ere r e a d  from  th e  s t r a i g h t  l i n e  s ta n d a rd  c u rv e .  
M u l t ip l i e d  by th e  d i l u t i o n  f a c t o r s ,  th e s e  g iv e  th e  c o n c e n t r a t io n  
o f  each  p r o te i n  i n  th e  u n d i lu te d  specim en .
£ v " ,.
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2 .3 . 4 . 3 . 3 . 2  ROCKET (LAURELL) IMMUNOELECTROPHORESIS
5 .0m l o f  a g a r  w ere m elte d  and 5.0m l o f  p h o s p h a te  b u f f e r  pH
8 .6  (prew arm ed to  50°C) was a d d ed . The m ix tu re  was m ixed 
th o ro u g h ly  and l e f t  a t  50°C f o r  10 m in u te s . Then a q u a t i t y  f o r  
a n tis e ru m  (3% f o r  a n t i - t r a n s f e r r i n  and 5% f o r  
a n t i - c a e r u lo p la s m in )  was ad d ed . The m ix tu re  was m ixed th o ro u g h ly  
and p o u red  im m e d ia te ly  o n to  s c ru p u lo u s ly  c le a n  g l a s s  p l a t e s  
(10x10cm) r e s t i n g  on an a b s o lu t e ly  l e v e l  s u r f a c e .  A f t e r  15 
m in u te s , th e  s o l u t i o n  s o l i d i f i e d  to  a  t r a n s p a r e n t  g e l  o f  u n ifo rm  
th ic k n e s s  ( 2 . 3 - 2 . 4mm). A f te r  c o o lin g  w e l ls  w ere  punched a b o u t 
2.0mm d ia m e te r .  The d i s t a n c e  betw een  a d ja c e n t  w e l ls  ( s i t e s )  was 
1.0cm and th e y  w ere 1.5cm  from  th e  ed g e , A w e l l  p u n c h e r  was u sed  
to  e n s u re  u n i fo r m i ty  o f  s i z e  and s h a p e . The sam p les  ( 1 ^ 1 )  w ere 
in t r o d u c e d  i n t o  th e  w e l l s .  Four d i f f e r e n t  d i l u t i o n s  o f  no rm al 
c o n t r o l  s ta n d a r d  p lasm a w ere a l s o  in c lu d e d  a s  a  r e q u ir e m e n t  f o r  
th e  p l o t t i n g  o f  a  s ta n d a r d  c u rv e  ( d i l u t i o n s  1 :1 ,  1 :2 ,  1 :3 ,  and
1 : 4 ) .  The s l i d e s  w ere th e n  p la c e d  im m e d ia te ly  in  th e  
e l e c t r o p h o r e s i s  ta n k s  (S h a n d o n ). The w e l ls  w ere lo c a te d  on th e  
c a th o d e  s id e  and th e  c o n d i t io n s  f o r  e l e c t r o p h o r e s i s  w ere  a s  
fo llo w s  :
BUFFER : P h o sp h a te  b u f f e r  pH 8 ,6
C o n ta c t  b e tw een  b u f f e r  and g e l  p l a t e :  f i l t e r  p a p e r  s t r i p s
m o is tu r i s e d  w ith  b u f f e r  s o lu t i o n .
VOLTAGE : IS O v o lts  be tw een  th e  ends o f  th e  p l a t e .
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DURATION ; e l e c t r o p h o r e s i s  was c a r r i e d  o u t  f o r  a t  l e a s t  3 h o u r s .
The fo rm a tio n  o f  im m u n o p re c ip it in  peaks d u r in g  e l e c t r o p h o r e s i s  
can  r e a d i l y  be o b se rv e d  a g a in s t  a  d a rk  b a c k g ro u n d . The p ro c e s s  
o f  e l e c t r o p h o r e s i s  was c o m p le te  when th e  t i p s  o f  a l l  th e  peak s 
( " r o c k e t " )  w ere c lo s e d .  The p r e c i p i t i n  peaks w ere  m easured  ( i . e  
le n g th  o f  peak  from  p o in t  o f  a p p l i c a t i o n  to  t i p )  im m e d ia te ly  
a f t e r  c o m p le tio n  o f  th e  e l e c t r o p h o r e s i s .  A p l a t e  (10x10cm) can  
c a r r y  up to  7 a n t ig e n  w e l l s .  At l e a s t  t h r e e  o f  th e s e  w e l ls  w ere  
f i l l e d  w ith  norm al c o n t r o l  s ta n d a r d  s o l u t i o n .  When th e  le n g th  o f  
th e  s ta n d a r d  peaks w ere  p l o t t e d  a g a in s t  th e  c o n c e n t r a t io n  o f  th e  
s ta n d a r d  s o l u t i o n s ,  th e  r e s u l t i n g  cu rv e  c o u ld  be used  to  
d e te rm in e  th e  p r o t e i n  c o n te n t  a f t e r  m u l t i p l i c a t i o n  by 
c o rre s p o n d in g  d i l u t i o n  f a c t o r .
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2 . 4  m m n c A L  a n a l y s i s
Where p o s s ib le  a l l  m easurem ents in  t h i s  s tu d y  w ere made in  
t r i p l i c a t e .  From th e s e  t r i p l i c a t e  th e  mean was d e r iv e d .
Each mean v a lu e  p l o t t e d  on a g rap h  o r  h is to g ra m  i s  g iv e n  w ith  i t s  
ran g e  ( t h a t  i s  w ith  th e  lo w e s t  and h ig h e s t  v a lu e ) .
To t e s t  th e  d i f f e r e n c e  betw een th e  means o f  two sm a ll 
sam ples, th e  p o p u la t io n  v a r ia n c e s  w ere assum ed to  be e q u a l and 
s tu d e n t ’ s t - s t a t i s t i c  was c a lc u la te d  a s  fo llo w :
where x i s  a  sam ple mean, n i s  th e  number o f  sam p les  and s  i s  th e  
s ta n d a rd  d e v ia t io n .
The s ta n d a rd  d e v ia t io n  was d e r iv e d  a s  f o l l o w s : -
In  p r a c t i c e  a  com puter program  (G. Kemp, p e rs o n a l  
com m unication) was used  to  c a lc u la t e  t  and th e  s ig n i f i c a n c e  o f  
th e  d i f f e r e n c e  betw een  th e  two sam ples deduced  from  s ta n d a rd  
s t a t i s t i c a l  t a b l e s  f o r  s tu d e n ts  t - t e s t .
To t e s t  th e  c o r r e l a t i o n  betw een two s e t  o f  m easu res , a 
s c a t t e r  d iag ram  showing th e  a s s o c i a t i o n  was p l o t t e d  and th e
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fo llo w in g  r e l a t i o n s h i p  was e v a lu a te d  u s in g  a com puter program  
(G. Kemp, p e r s o n a l  com m u n ica tio n ).
The s t a t i s t i c  r  was com pared w ith  v a lu e s  g iv e n  in  s ta n d a rd  
t a b l e s  to  o b ta in  a  l i n e a r  r e l a t i o n s h i p  ( p o s i t i v e  o r  n e g a tiv e )  
betw een two s e t  o f  m easu res  b e in g  s i g n i f i c a n t l y  d i f f e r e n t  
(P a rk e r ,  1973 ).
J
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3 RESULTS
3.1  LIPID PEROXIDATION IN CSFa
P re lim in a ry  s tu d i e s  to  d e te rm in e  th e  fo rm a tio n  o f  MDA i n  CSFs
in  c u l tu r e  w ere done in  two s e t s  o f  e x p e r im e n ts . In  th e  f i r s t  s e t ,  to
d e te rm in e  endogenous l e v e l s  o f  l i p i d  p e ro x id a t io n ,  CSFs w ere in c u b a te d
i n  a medium w ith o u t added PÜFA ( a r a c h id o n ic  a c id ,  2 0 :4 ) ,  And i n  th e
second s e t ,  CSFs w ere in c u b a te d  i n  a  medium w ith  12(^M 2 0 : 4 .The 2 0 :4
c o n c e n t r a t io n  (12ÿiM ) was c h o sen  f o r  th e s e  s tu d i e s  b e c au se  i n  a
p re v io u s  s tu d y  i t  was d e m o n s tra te d  t h a t  CSFs have a c a p a c i ty  to
p roduce MDA when in c u b a te d  w ith  t h i s  c o n c e n t r a t io n  o f  exogenous PUFA
(G avino ^  a l . ,1 9 8 1 ) . In  a d d i t io n ,  Asakawa and M a ts u s h ita  (1980)
found t h a t  2 0 :4  i s  v e ry  e a s i l y  o x id iz e d  and y i e l d s  a  v e ry  h ig h  c o lo u r
i n t e n s i t y  o f  MDA as  m easured  by TBA t e s t .
Each d a ta  s e t  i s  d e r iv e d  from  th r e e  d i f f e r e n t  l i n e s  o f  CSFs.
The c o n t r o l  l i n e  was HAM 2 and th e  DMD l i n e s ,  1 and 2 i n  fo llo w in g
s e c t io n ,  were HAM 1 and HAM 5 ( s e e  s e c t io n  2 .2 .2 ,2  f o r  d e t a i l s ) .  A ll
2c e l l s  w ere grown in  (25cm ) f l a s k s .
Each ex p e rim e n t in v o lv e d  th e  use  o f  te n  T25 f l a s k s  o f  CSFs f o r  
each  l i n e .  F or MDA m easurem ent, each  l i n e  was t r e a t e d  i n  two ways. 
One b a tc h  o f  f l a s k s  w ere  n o t washed w ith  p h o sp h a te  b u f f e r  s a l i n e  
(P B S )(c a lle d  unwashed c e l l s ) ,  w h i l s t  a second  b a tc h  o f  CSFs w ere 
washed tw ice  w ith  PBS ( c a l l e d  washed c e l l s ) ,  b e fo re  r e a c t i o n  w ith  
TBA.
MDA p ro d u c tio n  was m easured by th e  method r e p o r te d  by G avino 
(1981) a s  d e s c r ib e d  u n d e r " M a te r ia l  and M ethods". I t  was o b se rv ed
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t h a t  MDA p ro d u c t io n  in  th e  norm al CSFs was u s u a l ly  s t r i k i n g l y  l e s s  
th a n  t h a t  i n  e i t h e r  o f  th e  IMD l i n e s  w h a te v e r  t h e  in c u b a t in g  
c o n d i t io n s  o r  t im e s .  R e s u l ts  o f  th e s e  a r e  sum m arised i n  T ab le  6 and 
7 .
3 .1 .1  LIPID PËRQXIDATION PRODUCTS IN WHOLE CONFLUENT CSFs
3 .1 .1 .1  UNSUPPLEMENTED EXPERIMENTAL MEDIUM
3 .1 .1 .1 .1  UNMASHED UNSUPPLEMENTED CSFs ■
P ro d u c tio n  o f  T B A -re a c tiv e  m a te r i a l  i s  shown in  T ab le  6 and 
F ig ,  21 . The r e s u l t s  show s i m i l a r  in c r e a s e d  MDA p r o d u c t io n  i n  DMD 
CSFs com pared to  norm al c o n t r o l  CSFs a t  a l l  t im e s  o f  s a m p lin g . The 
a b s o lu te  am ount o f  MDA m easured  in  th e  . .c o n tr o l  l i n e  a t  a l l  tim e  
i n t e r v a l s  was l e s s  th a n  t h a t  i n  e i t h e r  o f  th e  DMD l i n e s .  Hpwever, in  
te rm s o f  p e rc e n ta g e  in c r e a s e  be tw een  24 h ( t h e  e a r l i e s t  t im e  i n t e r v a l  
u sed  a t  w hich T B A -re a c tiv e  m a t e r i a l  was d e t e c ta b l e )  and  96 h , th e  
c o n t r o l  l i n e  showed th e  g r e a t e s t  change (217%) w h ereas  t h e  DMD l i n e s  
showed m o re .jn o d es t i n c r e a s e s  (74% and 98%).
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□  C o n t r o l  
^  DMD 1 
■  DMD2
T
I I
48 72
HOURS
96
F ig u r e  2 1 . T M - r e a c t i v e  m a t e r i a l  in  human s k in  f i b r o b l a s t s  from
D uchenne p a t i e n t s  an d  a  n o rm a l c o n t r o l  (unw ashed  c e l l s ,  
n o  PUFA ) .
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3 . 1 . 1 . 1 . 2  WASMD. MiSHFPLEMENTEP - C ^ s
T B A -reac tiv e  m a t e r i a l s  w ere e s t im a te d  i n  w hole c u l t u r e s  i n  
e x a c t ly  th e  same way and d u r in g  s im u lta n e o u s  in c u b a t io n s  a s  f o r
3 .1 .1 ,1  b u t w ith  th e  c o n f lu e n t  m onolayer b e in g  washed w ith  PBS 
im m ed ia te ly  p r i o r  to  TCA a d d i t i o n  and c o lo u r  deve lo pm en t. T ab le  6 and 
F ig . 22 show s e v e r a l  im p o r ta n t  e f f e c t s  o f  t h i s  w ash ing  p r o c e d u re ;-
( i )  The a b s o lu te  am ounts o f  MDA g e n e ra te d  i n  th e  DMD c u l t u r e s  i s  much 
g r e a t e r  (ap p ro x . tw o fo ld )  by th e  end o f  th e  in c u b a t io n  p e r io d  th a n  in  
unwashed c e l l s  w hereas  t h a t  i n  th e  c o n t r o l  c u l t u r e s  i s  n o t so m arked ly  
in c re a s e d .
( i i )  As f o r  unwashed c e l l s ,  and p a r t i c u l a r l y  by 72 and 96 h, th e  
c o n c e n t r a t io n  o f  MDA i s  c o n s i s t e n t l y  h ig h e r  i n  DMD l i n e s  th a n  t h a t  i n  
c o n t r o l .
( i i i )  The p e rc e n ta g e  in c r e a s e  in  MDA p r o d u c t io n  a t  96h com pare to  24h 
i s  much g r e a t e r  i n  washed r a t h e r  th a n  unwashed DMD c e l l s  (DMD 1=785%, 
DMD 2=680%) w hereas t h e r e  i s  l e s s  in c r e a s e  i n  c o n t r o l  washed c e l l s  
(121%) com pared w ith  unw ashed.
A lthough th e r e  a r e  d i f f e r e n c e s  i n  MDA p r o d u c t io n  betw een  th e  
two DMD l i n e s  i n  unwashed b u t more p a r t i c u l a r l y  i n  washed c e l l s  
n e v e r th e le s s  th e s e  a r e  n o t n e a r ly  a s  g r e a t  a s  th o s e  betw een  th e  
c o n tr o l  l i n e  and th e  DMD c e l l s .
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□  Control  
0  DMD 1 
■  DMD 2
0 4 8 7 2HOURS 9 6
F ig u r e  2 2 . T B A -re a c tiv e  m a t e r i a l  in  human s k in  f i b r o b l a s t s  from  
D uchenne p a t i e n t s  and  a  n o rm a l c o n t r o l  (w ashed  c e l l s ,  
no  PUFA ) .
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3 .1 .1 .2  LIPID PEROXIDATION IN CELLS GROWN
SUPPLEMENTED WITH 120^JuM ARACHIDONIC ACID (20.;_41
S in ce  a n o th e r  g ro u p  (G av ino  £ i .  aJL. »1981) h a s  r e p o r te d  th e  
s t im u la to r y  e f f e c t  o f  PUFA on MDA p ro d u c t io n  in  c o n f lu e n t  human CSFs 
from  norm al s u b j e c t s ,  u s in g  ‘\2 0 jM  i n  c u l t u r e  medium, i t  was d e c id e d  to  
u s e  th e  same c o n c e n t r a t io n  w ith  o u r  c e l l s  to  s e e  w h e th e r  a d d i t i o n  o f  
such  a  s t r e s s o r  m igh t a c c e n tu a te  even  f u r t h e r  th e  d i f f e r e n c e s  b e tw een  
DMD and norm al l i n e s .  T h is  PUFA i s  e a s i l y  p e ro x id i s e d  and w i l l  
i n i t i a t e  a  c h a in  r e a c t i o n  o f  f u r t h e r  p e r o x id a t io n  i f  unchecked  by 
p r o te c t i o n  m echanism s. I n c u b a t io n  c o n d i t io n s  and a s s a y  o f  
T B A -reac tiv e  m a te r i a l s  w ere  o th e rw is e  e x a c t ly  as in  3 .1 .1 .1
3 . 1 . 1 . 2 . 1  UNWASHED GB L l S . t  2 0 ; 4
C o n tra ry  to  r e s u l t s  w i th  u n supp lem en ted  m ed ia  l i t t l e  d i f f e r e n c e  
was o b se rv ed  be tw een  MDA p r o d u c t io n  in  unw ashed, n o rm al and DMD l i n e s ,  
e x c e p t  a f t e r  96 h when one  o f  th e  DMD l i n e s  p a r t i c u l a r l y  showed a  
s t r i k i n g  in c r e a s e  ( F ig .  23 and T ab le  7 ) am ounting  to  m ore th a n  a  
d o u b lin g  in  MDA betw een  72 and 96 h when com pared w ith  th e  l e v e l s  
m easured  in  a l l  t h r e e  l i n e s  a t  72 h . A lthough  th e  d i f f e r e n c e  b e tw een  
no rm als and DMD i s  n o t  so  p ronounced  i n  unw ashed, 2 0 :4  su p p le m e n te d  
c e l l s ,  th e  a b s o lu te  l e v e l s  o f  MDA a r e  much h ig h e r  th a n  unwashed c e l l s  
w ith o u t  added 2 0 :4 , (maximum 2 n m o l / f l a s k ) .
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□  C o n t r o l
0  DMD
4 8  • 7 2
HOURS
F ig u r e  23* E f f e c t  o f  PUFA (2 0 :4  ; 12Q«M) on T B A -re a c tiv e  m a t e r i a l  
( a s  MDA ) o f  human s k in  f i b r o b l a s t s  (unw ashed  c e l l s ) .
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3 .1 .1 .2 .2  WASHED C E L L S .2 0 :4
T a b le  7 and F ig .  24 show th e  r e s u l t s  o b ta in e d .  I n t e r e s t i n g l y  in  
t h i s  e x p e r im e n t , MDA was m ea su rea b le  a t  z e ro  tim e  o f  i n c u b a t io n  
( e s t im a te d  J u s t  a f t e r  ad d in g  f r e s h  su p p lem en ted  c u l t u r e  medium to  
c o n f lu e n t  c e l l s )  i n  b o th  DMD 1 and 2 (1 .9 6 + 1 .4 7  and 1 .6 8 + 1 .4 4
n m o l/ f la s k  r e s p e c t i v e ly )  w hereas a t  th e  same tim e  u n d e r th e s e  a s sa y  
c o n d i t io n s  MDA was u n d e te c ta b le  i n  th e  c o n t r o l  l i n e .  F ig .  24 shows 
c l e a r l y  t h a t  MDA p ro d u c tio n  i n c r e a s e s  m arked ly  w ith  tim e  i n  th e  DMD 
l i n e s  (MDA a t  96 h i s  a p p ro x . 8 - f o ld  t h a t  a t  z e ro  tim e )  w h ereas  th e  
in c r e a s e  f o r  c o n t r o l  c e l l s  o v e r  th e  24-96  h tim e  p e r io d  i s  much more 
m odest ( 2 . 5 - f o l d ) .
3 . 1 . 1 . 3  EFFECTS OF WASHING MD,-2Di.4,^.UPPLEMENTATIQN PH...-1IPID.
PE£.QnDA.TIQR .IN. CSFs
Com paring th e  d a ta  o b ta in e d  from  p a r a l l e l  e x p e r im e n ts  w i th  th e  
one c o n t r o l  and two DMD c e l l  l i n e s  i t  i s  p o s s ib le  to  draw  th e  
fo llo w in g  g e n e r a l  c o n c lu s io n s  ( a l b e i t  b ased  on a s m a ll  num ber o f  
l i n e s )  ( s e e  F i g s .  21 , 2 2 , 23 , 2 4 ) .
( i )  w ash ing  e i t h e r  supp lem en ted  o r  un su p p lem en ted  c u l t u r e s  w i th  PBS 
(re m o v a l o f  an  e x t r a c e l l u l a r  a n t io x id a n t  ? )  im m e d ia te ly  p r i o r  t o  MDA 
e s t im a t io n  h a s  a  pronounced  e f f e c t ,  p a r t i c u l a r l y  a f t e r  24 h 
in c u b a t io n ,  on th e  f i n a l  c o n c e n t r a t io n  m ea su red . I n  g e n e r a l ,  f o r  a  
g iv e n  medium w ashing  as much as d o u b le s  th e  m e a su re a b le  T B A -re a c tiv e  
m a te r i a l  (com pare  F ig s .  21 and 22; 23 and 24)
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□  Cont rol  
0  DMD 1 
DMD 2
4 8  • 7 2HOURS
F ig u r e  2 4 . E f f e c t  o f  PUFA ( 2 0 :4  î 12QuJyi) on T B V -re a c tiv e  m a t e r i a l  
( a s  MDA) o f  human s k in  f i b r o b l a s t s  (w ashed  c e l l s ) .
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(1 1 )  th e  p re s e n c e  o f  2 0 :4  u n d o u b te d ly  i n c r e a s e s  th e  t o t a l  m ea su rea b le  
MDA, a g a in  p a r t i c u l a r l y  a t  th e  l a t e r  in c u b a t io n  t im e s  and t h i s  e f f e c t  
i s  much more e v id e n t  f o r  washed c e l l s  (com pare F i g s .  21 and 23; 22
and 24)
P o s s ib le  r e a s o n s  f o r  th e s e  e f f e c t s  a r e  d e a l t  w ith  i n  th e  d i s c u s s io n .
3 .1 .1 .4  COMPARISON,QF^UQRMAL AND DMD LINES
A lthough  th e  d a ta  i s  l im i t e d  to  one c o n t r o l  and two MD l i n e s ,  
t h e r e  i s  a  s t r i k i n g  t r e n d ,  u n d e r  a l l  s e t s  o f  e x p e r im e n ta l  c o n d i t io n s  
em ployed in  th e s e  s t u d i e s ,  f o r  th e  two DMD l i n e s  to  y i e l d  s i m i l a r  
in c r e a s e d  l e v e l s  o f  T B A -reac tiv e  m a t e r i a l  when com pared w ith  th e  
c o n t r o l  l i n e .
1
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3 .1 .1 .5  LIPID PEROXIDATION IN CONFLUENT CELLS GROWN WITH 
ADDED t-BUTYL HYDROPEROXIDE.ITBH)
L ip id  p e r o x id a t io n  h as  many d e l e t e r i o u s  e f f e c t s  on membrane 
s t r u c t u r e  and f u n c t io n  (V la d im iro v  e t  a l . .1 9 8 0 ) . P e ro x id iz in g  l i p i d s  
g e n e r a te  many p o t e n t i a l l y  c y to to x ic  p ro d u c ts  (L o g an i and D a v ie s , 
1980); s t o i c h i o m e t r i c a l l y  th e  m ajo r p r o d u c ts  a r e  l i p i d  
h y d ro p e ro x id e s . L ip id  h y d ro p e ro x id e s  a r e  h ig h ly  t o x ic  i n  v iv o  (M organ 
JSi âL . ,1957) and  ^  a r e  c a p a b le  o f  i n a c t i v a t i n g  enzymes (O hio
and T a p p e l, 1969; Neukom, 1 9 8 0 ), c o v a le n t ly  a l t e r i n g  b io m o le c u le s  
(L ew is and W il ls ,  ,1962) and i n i t i a t i n g  f r e e - r a d i c a l  m ed ia te d  
d e s t r u c t i o n  o f  p r o t e i n s  (L o g an i and D a v ie s , 1980) and u n s a tu r a te d  
l i p i d s  (S h im a sak i and P r i v e t t ,  1 9 7 5 ) . Based on th e s e  o b s e r v a t io n s  and 
th e  th e  work o f  G avino &L a l . (1981) we a l s o  made an  a t te m p t  to  m easu re  
MDA p ro d u c t io n  in  th e  same c e l l  l i n e s  exposed  to  TBH (gO^uM). 
E x te r n a l ly  added TBH may q u a l i f y  a s  a  m odel f o r  endogenous l i p i d  
h y d ro p e ro x id e s  ( S ie s  and Summer, 1 9 7 5 ). U n f o r tu n a te ly ,  a f t e r  a b o u t 12 
h o f  i n c u b a t io n  w ith  t h i s  f i n a l  c o n c e n t r a t io n  OogpM) o f  h y d ro p e ro x id e  
m ost o f  th e  CSFs ( e s p e c i a l l y  DMD l i n e s )  s t a r t e d  to  d e ta c h  from  th e  
c u l t u r e  f l a s k .  As a  r e s u l t ,  th e  MDA c o n c e n t r a t io n s  m easured  w ere 
e f f e c t i v e l y  m e a n in g le s s  as  th e  c e l l s  w ere  c l e a r l y  b e in g  k i l l e d  o r  
s e v e r e ly  i n ju r e d  by t h i s  c o n c e n t r a t io n  o f  TBH. The r e s u l t s  have 
t h e r e f o r e  n o t  been  in c lu d e d  i n  t h i s  r e p o r t .  The c l e a r  c o n c lu s io n  from  
th e s e  o b s e r v a t io n s  i s  t h a t  t h i s  f i n a l  c o n c e n t r a t io n  OOOpM) o f  TBH i s  
n o t  s u i t a b l e  f o r  o x id a t iv e ly  c h a l le n g in g  human CSFs s in c e  i t  i s  
o b v io u s ly  t o x ic  to  th e  c e l l s .  F o r  t h i s  r e a s o n ,  a n o th e r  e x p e rim e n t was 
c o n d u c te d , to  d e te rm in e  th e  e f f e c t  o f  d i f f e r e n t  f i n a l  c o n c e n t r a t io n s
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o f  TBH on c e l l  g row th  and, v i a b i l i t y  o v e r  th e  ch o sen  p e r io d  o f  
in c u b a t io n .  The ran g e  o f  f i n a l  TBH c o n c e n t r a t io n s  used  w ere : 0 , 25 ,
50 , 7 5 , 100, 150, 200 , 250 and 30g|uM. The c e l l s  in  each  f l a s k  w ere
exam ined by l i g h t  m ic ro sco p y  im m ed ia te ly  a f t e r  a d d in g  TBH to  th e  f l a s k  
and c o n tin u e d  f o r  96 h o f  in c u b a t io n .  I t  was found  t h a t  th e  maximum 
c o n c e n t r a t io n  o f  TBH w hich a llo w e d  norm al c e l l  g ro w th  was 5ÇuM. At 
t h i s  f i n a l  c o n c e n t r a t io n ,  th e  c e l l s  rem ain  s tu c k  down t o  th e  b o tto m  o f  
th e  c u l t u r e  f l a s k  and d iv id e  n o rm a lly  even  up to  96 h o f  in c u b a t io n .  
B ut f i n a l  c o n c e n t r a t io n s  above 50uM seem u n s u i t a b le  f o r  s tu d i e s  w i th  
human CSFs s in c e  i t  was o b se rv e d  t h a t  th e  c e l l s  s t a r t e d  to  d e ta c h  a s  
e a r l y  a s  6 h a f t e r  a d d i t io n  o f  c o n c e n t r a t io n s  o f  TBH m ore th a n  50fiM. 
U n f o r tu n a te ly ,  c o n ta m in a t io n  prob lem s p re v e n te d  f u r t h e r  CSF 
e x p e r im e n ts  a t  t h i s  s ta g e  and f o r  th e  re m a in d e r  o f  th e  p r o je c t  b u t  i t  
w ould be o f  g r e a t  i n t e r e s t  to  t e s t  th e  e f f e c t  o f  n o n - to x ic  (50pM ?)
c o n c e n t r a t io n s  o f  TBH on norm al and DMD l i n e s .
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3 .1 .2  LIPID PEROXIDATION BY. WASHED-.-FAfillCULAIELFRACTIONS 
FROM CSFs
In  t h i s  s tu d y , th e  washed p a r t i c u l a t e  f r a c t i o n  from  CSFs was 
used  to  i n v e s t i g a t e  w h e th er th e  o b se rv e d  in c r e a s e d  l i p i d  p e r o x id a t io n  
in  DMD c e l l s  i s  s o le ly  a m em brane-dependent p ro c e s s  o r  i n t e r r e l a t e d  
w ith  o th e r  c e l l  com ponents. Two l i p i d  p e r o x id a t io n  p ro d u c ts ,  nam ely 
MDA and FP, a f t e r  in d u c t io n  o f  l i p i d  p e r o x id a t io n  v i a  NADPH o x id a s e  by 
Fe^*/ADP/NADPH, w ere s tu d ie d .  F ig . 25 and T ab le  8 sum m arises MDA 
p ro d u c tio n  when th e  r e a c t i o n  was s to p p e d  a t  v a r io u s  t im e s  o f  
in c u b a t io n . C le a r ly  MDA c o n c e n t r a t io n  in c r e a s e s  s i g n i f i c a n t l y  w ith  
tim e  o f  in c u b a t io n  o n ly  in  th e  c a se  o f  NADPH s t im u la te d  c e l l s .  Two 
im p o r ta n t p o in ts  emerge from  t h i s  d a ta :
( i )  th e  endogenous l e v e l s  o f  MDA a t  z e ro  tim e  a r e  v e ry  s im i l a r  i n  
c o n tr o l  and DMD f r a c t i o n s ;
( i i )  t h e r e a f t e r  th e r e  i s  no a p p r e c ia b le  d i f f e r e n c e s  betw een  c o n t r o l  
and DMD, w ith  o r  w ith o u t NADPH added .
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F ig u r e  2 5 . ïh zy m ic  l i p i d  p e r o x id a t io n  a t  v a r io u s  t im es  o f  
in c u b a t io n  in  norm al c o n t r o l  and DMD human sk in  
f ib r o b l a s t  p a r t i c u l a t e  f r a c t io n  m easured by 
T H - r e a c t iv e  m a te r ia l  (nmol MDA/mg p r o t e i n ) .
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The z e ro  tim e  FP l e v e l s  a r e  lo w er in  c o n t r o l  f r a c t i o n  th a n  in  
DMD (F ig  26) and w ith  i n c r e a s in g  in c u b a t io n  tim e  t h e r e  i s  a 
s i g n i f i c a n t  i n c r e a s e  i n  N A D PH -stim ulated IX4D f r a c t i o n s  compared to  
c o n t r o l s  a l th o u g h , vdien c a lc u la t e d  on th e  b a s i s  o f  p e rc e n ta g e  o f  z e ro  
tim e  v a lu e s ,  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e .  As e x p e c te d  t h e r e  i s  
a  m arked i n c r e a s e  in  FP w ith  tim e  in  th e  in c u b a t io n s  c o n ta in in g  NADPH, 
p a r t i c u l a r l y  in  th e  f i r s t  60 m in u te s .
C le a r ly  from th e s e  o b s e r v a t io n s ,  t h e r e  i s  no s i g n i f i c a n t  
d i f f e r e n c e  i n  enzym e-induced  l i p i d  p e r o x id a t io n ,  a s  m easured by MDA 
and FP, b e tw een  DMD and norm al c o n t r o l  CSF p a r t i c u l a t e  f r a c t i o n s .  
These r e s u l t s  prom pted us t o  s tu d y  th e  p o s s i b i l i t y  t h a t  c y to p la sm ic  
com ponents m ig h t a l s o  be in v o lv e d  i n  p ro p a g a t io n  o r  p o t e n t i a t i o n  o f  
l i p i d  p e r o x id a t io n .  Whole hom ogenates o f  CSFs from  DMD and norm al 
c o n t r o l  l i n e s  w ere used  f o r  t h i s  p u rp o se  and th e s e  r e s u l t s  a r e  
p r e s e n te d  i n  th e  n e x t s e c t i o n .
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F ig u re  2 6 . Enzym ic l i p i d  p e r o x i d a t i o n  a t  v a T io u s  t im e s  
o f  i n c u b a t io n  in  n o rm a l c o n t r o l  and D uchenne 
human s k in  f i b r o b l a s t  p a r t i c u l a t e  f r a c t i o n  
m e a su re d  by f l u o r e s c e n t  p ig m e n t c o n c e n t r a t i o n  
( r e l a t i v e  f l u o r e s c e n c e  u n i t s /m g  p r o t e i n ) .
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3 .1 .3  LIPID PEROXIDATION IN UNFRACTIONATED HOMOGENATES. OF. CSFs
Homogenates o f  CSFs from  norm al (n=6) and DMD (n=2) (T a b le  3) 
l i n e s  form ed l i p i d  p e ro x id e s  a s  m easured by Ü.V a b so rb a n c e  (c o n ju g a te d  
d ie n e , CD), TEA t e s t  (MDA), and FP, when in c u b a te d  a t  37°C i n  b o th  th e  
enzym ic system  (Fe^^/ADP/NADPH) and th e  non-enzym ic sy stem  
(Fe^ ’^ /a s o o rb a te )  a t  pH 7 .0 .
As shown in  T ab le  9 and F ig s . 27-28 th e  c o n c e n t r a t io n  o f  CD a t  
z e ro  tim e i s  h ig h e r  i n  DMD CSFs hom ogenates i n  b o th  sy s te m s, com pared 
to  normal c o n t r o l s .  F ig s . 27-28  show t h a t  th e  CD v a lu e  in c r e a s e d  
more r a p id ly  in  th e  non-enzym ic th a n  enzymic sy stem . However, b o th  
sy stem s c o n s i s t e n t ly  show a ten d en cy  f o r  th e  v a lu e  to  re a c h  a peak a t  
120 m in u tes  o f  in c u b a t io n  w hich i s  e s s e n t i a l l y  unchanged by f u r t h e r  
in c u b a t io n . Enzym e-induced CD p ro d u c t io n  e x p re s s e d  a s  a  p e rc e n ta g e  o f  
z e ro  tim e v a lu e  was a lm o s t i d e n t i c a l  in  DMD com pared w ith  c o n t r o l  
hom ogenates, a lth o u g h  th e  DMD p r e p a r a t io n s  e x h ib i te d  a c o n s i s t e n t ly  
h ig h e r  v a lu e . An i n t e r e s t i n g  e f f e c t  i s  se en  w ith  th e  non-enzym ic 
system  w here, i n  th e  c o n t r o l  ( i . e .  w ith o u t a s c o r b a te )  in c u b a t io n s  
th e r e  i s  a s t r i k i n g  in c r e a s e  i n  CD o n ly  in  th e  DMD hom ogenates. When 
a s c o r b a te  i s  p r e s e n t ,  th e  d i f f e r e n c e  betw een  norm al and DMD 
hom ogenates i s  o n ly  a p p a re n t a t  0 and 60 m in u te s  and v a n is h e s  a f t e r  
120 and 180 m in u te s . By 180 m in u tes  th e  CD l e v e l s  a r e  more o r  l e s s  
i d e n t i c a l  in  b o th  a s c o r b a te - s t im u la te d  and u n s tim u la te d  in c u b a t io n s ,  
w hich i s  s u r p r i s in g .
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F ig u re  2 7 . C o n ju g a te d  d ie n e  p ro d u ce d  by n o rm a l c o n t r o l  
(ns=6) and DMD (n=2 ) w hole  f i b r o b l a s t  c e l l  
h o m o g e n a te s , e x p re s s e d  as r e l a t i v e  a b so rb a n c e  
( 255nm) u n i ts /m g  hom ogenate  p r o t e i n .  (+ )  F e ^ ^ / 
ADP/NADPH (0.12mM , 2mM and 4mM r e s p e c t i v e l y )  
( - )  Pe^'*’/ADP o n ly .
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F igu re 2 8 . C onjugated d ie n e  produced by norm al c o n tr o l  
(n * 6 )  and DMD (n = 2) w hole f ib r o b la s t  c e l l  
hom ogen ates, ex p ressed  as r e l a t i v e  absorbance  
(255nm) u n its /m g  hom ogenate p r o t e in .  (+ )  Fe /  
a sc o r b a te  (l2^M and 0,66raM), ( - )  12^M Fe^'^only.
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F ig s .  29 and 30 show th e  r e s u l t s  f o r  T B A -re a c tiv e  m a te r i a l s  in  th e  
same in c u b a t io n s .  The b a s a l  l e v e l  o f  MDA a n a ly z e d  a t  e x p e r im e n ta l  
t im e  z e ro  was v e ry  s i m i l a r  in  b o th  hom ogenates in  b o th  s y s te m s . In  
th e  enzym ic sy s te m , as  e x p e c te d , th e  MDA y i e l d  was h ig h e r  i n  th e  
N A D PH -treated in c u b a t io n s  b u t t h e r e  was no d i f f e r e n c e  betw een  DMD and 
norm al in  e i t h e r  th e  p re s e n c e  o r  a b sen ce  o f  NADPH. The s i g n i f i c a n t  
r i s e  i n  MDA o c c u rre d  be tw een  60 and 120 m in u te s  f o r  NA DPH-treated 
p r e p a r a t i o n s ,  w hereas th e  b u lk  o f  th e  i n c r e a s e  in  CD f o r  b o th  
n on-enzym ic  and enzym ic sy s te m s  o c c u rre d  b o th  b e tw e en  0 -60  and 60 -120  
m in u te s .
j  ji-.'
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0  NORMAL 
DMD
+  — +  — +  
NADPH
60  ' . 120 180
MINUTES
F ig u re  2 9 . T B A -re a c tiv e  m a t e r i a l  p ro d u ced  by n o rm a l c o n t r o l  
(n = 6 ) and DMD (n = 2 ) w hole  f i b r o b l a s t  c e l l  homo­
g e n a te s ,  e x p re s s e d  as nm ol MDA/mg hom ogenate  
p r o t e i n ,  (+ )  Fe^'*’/ADP/NADPH (0.12mM , 2mM and 4mM 
r e s p e c t i v e l y ) ,  ( - )  Fe^"*"/ADP o n ly .
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0  NORMAL 
■  DMD
+  -  +  
ASCORBATE 
60 120 
MINUTES
180
F ig u re  50 , T B A -re a c tiv e  m a t e r i a l  p ro d u ce d  by n o rm a l c o n t r o l  
(n = 6 ) and DMD (n=2 ) w hole  f i b r o b l a s t  c e l l  homo­
g e n a te s ,  e x p re s s e d  as  nm ol MDA/mg hom ogenate  
p r o t e i n ,  (+ )  P e ^ ^ /a s c o r b a te  (1 ^ M  and 0,66mM 
r e s p e c t i v e l y ) ,  ( - )  I ^ M  Pe^^ o n ly .
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L ip id - s o lu b le  FP showed r e l a t i v e l y  s m a ll  i n c r e a s e s  o v e r  th e  
tim e  p e r io d  o f  i n c u b a t io n  in  b o th  th e  enzym ic and non-enzym ic sy stem s 
a lth o u g h  th e  IMD hom ogenates a g a in  showed c o n s i s t e n t l y  h ig h e r  
c o n c e n t r a t io n s  i r r e s p e c t i v e  o f  tim e  o r  system  ( F ig s .  31 and 3 2 ) .  The 
s i g n i f i c a n c e  o f  th e  d i f f e r e n c e  be tw een  DMD and norm al i s  q u e s t io n a b le  
how ever, w ith  th e  e x c e p t io n  o f  NADPH in d u ced  in c u b a t io n s  w here th e  
e f f e c t  i s  c l e a r  ( F ig .  3 1 ) .
To sum m arise , a  s i g n i f i c a n t  d i f f e r e n c e  betw een  DMD and norm al 
hom ogenates was se e n  f o r : -
( i )  a b s o lu te  c o n c e n t r a t io n s  o f  CD and FP u n d e r  a l l  c o n d i t io n s
( i i )  CD in  c o n t r o l  ( - a s c o r b a t e )  non-enzym ic  in c u b a t io n s .
( i i i )  FP in  NADPH-induoed (en zy m ic ) in c u b a t io n s .
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0  NORMAL 
■  DMD
NADPH '
60 120 MINUTES. 180
F ig u re  31• F lu o r e s c e n t  p ig m e n ts  p ro d u ce d  by n o rm a l c o n t r o l  
(n = 6 ) and DMD (n = 2 ) w ho le  s k in  f i b r o b l a s t  c e l l  
h o m o g e n a te s , e x p re s s e d  as r e l a t i v e  f l u o r e s c e n c e  
u n i ts /m g  hom ogenate  p r o t e i n .  (+ )  Pe^^/ADP/NADPH 
( 0 .1 2mM, 2mM and 4mM), ( - )  Pe^^/ADP o n ly .
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■  DMD
î
ASCORBATE 
60 120 MINUTES 180
F ig u re  32 . F lu o r e s c e n t  p ig m e n ts  p ro d u c e d  by n o rm a l c o n t r o l  
(n= 6) and DMD ( n - 2 ) w h o le  s k in  f i b r o b l a s t  c e l l  
h o m o g e n a te s , e x p re s s e d  a s  r e l a t i v e  f lu o r e s c e n c e  
u n i t s /m g  h o m ogenate  p r o t e i n .  (+ )  F e ^ ^ /a s c o r b a te  
(l2/iM and 0.66mM r e s p e c t i v e l y ) ,  ( - )  I ^ M  Fe^**^only.
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3 .1 .4  INDUCTION AND MONITORING OF LIPID PEROXIDATION IN 
M l  U YFR PARTlgyLAI E.. FRA.Ç.TIPN
In  o r d e r  to  t e s t  th e  a n t io x id a n t  a c t i v i t y  o f  th e  c y to p la s m ic  
f r a c t i o n  from  CSFs i t  was e s s e n t i a l  to  have a  r e l i a b l e  m odel sy stem  
f o r  l i p i d  p e r o x id a t io n  on w hich th e  i n h i b i t o r y  e f f e c t s  o f  o u r  CSFs 
e x t r a c t s  c o u ld  be t e s t e d .
S in c e  th e  r a t  l i v e r  m icro som al system  h a s  been  e x te n s iv e ly  u sed  
by o th e r s  as  a  m odel sy s te m  i t  was d e c id e d  i n  t h i s  work to  u se  s im p ly  
th e  t o t a l  p a r t i c u l a t e  f r a c t i o n  from  r a t  l i v e r .  The e x p e rim e n ts  whose 
r e s u l t s  a r e  d e s c r ib e d  i n  t h i s  s e c t i o n  w ere c a r r i e d  o u t  to  d e te rm in e  
th e  k i n e t i c s  o f  enzym e-in duced  and nonenzym e-induced  l i p i d  
p e r o x id a t io n  a s  m o n ito re d  by CD, MDA and FP, i n  o r d e r  to  s e l e c t  a  
s u i t a b l e  s i n g l e  tim e  i n t e r v a l  a t  w hich to  ta k e  sam p les  in  su b s e q u e n t 
e x p e r im e n ts  to  d e te rm in e  a n t i o x id a n t  a c t i v i t i e s .
The r e s u l t s  f o r  NADPH-induced l i p i d  p e r o x id a t io n  a r e  sum m arised 
i n  T ab le  10 and F i g s .  3 3 -3 5 . As e x p e c te d , NADPH in d u c e s  a  d ra m a tic  
i n c r e a s e  i n  a l l  t h r e e  in d ic e s  o f  l i p i d  p e r o x id a t io n .  The k i n e t i c s  a r e  
i n t e r e s t i n g ,  CD and MDA b o th  r i s e  s h a rp ly  to  a  maximum (9x  and ? .5 x  
c o n t r o l  r e s p e c t i v e ly )  a t  60 m in u te s  a f t e r  w hich b o th  d e c l i n e .  FP on 
th e  o th e r  hand do n o t  peak u n t i l  120 m in u te s  ( 3 .5 x  c o n t r o l )  b u t  rem a in  
a t  t h i s  maximum v a lu e  f o r  th e  d u r a t io n  o f  th e  e x p e r im e n t (up  to  180 
m in u te s ) .  These o b s e r v a t io n s  a r e  c o n s i s t e n t  w ith  th e  known c h e m is try  
o f  l i p i d  p e r o x id a t io n  and w i l l  be  d is c u s s e d  m ore f u l l y  l a t e r .
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30 60 9 0  120 150 18»0INCUBATION TIME ( mi nut e s )
F ig u re  53* E f f e c t  o f  NADPH on l i v e r  p a r t i c u l a t e  l i p i d
p e r o x i d a t i o n  m easu red  by c o n ju g a te d  d ie n e ,  e x p re s s e d  
a s  r e l a t i v e  a b s o rb a n c e  (253nm) u n i ts /m g  p a r t i c u l a t e  
p r o t e i n .  R e s u l t s  r e p r e s e n t  a v e ra g e  o f  t r i p l i c a t e  
v a lu e s  o b ta in e d  from  l i v e r  p a r t i c u l a t e  w i th o u t  
NADPH ( c o n t r o l )  a n d v w ith  NADPH (4mM), E r r o r  , b ^ s  = 
s ta n d a r d  d e v i a t i o i i .  F in a l  c o n c e n t r a t io n s  in  
i n c u b a t i o n s : -  20mM t r i s - H C l ,  pH 7 .0 ;  2mM ADP;
0 ,1 2mM F e C lg ; 20mM n ic o n t in a m id e ;  27mM KOI;
4mM NADPH; p a r t i c u l a t e  f r a c t i o n  1-5*25m g p r o t e i n /m l .
i-' . J
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■  NADPH T
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F ig u re  34. E f f e c t  o f  NADPH on l i v e r  p a r t i c u l a t e  l i p i d
p e r o x id a t io n  m easu red  by t h i o b a r b 'i t u r i c  a c id  t e s t  
(a s  MDA), e x p re s s e d  a s  nm ol MDA/ing p a r t i c u l a t e  
p r o t e i n .  R e s u l ts  r e p r e s e n t  a v e ra g e  o f  t r i p l i c a t e  
v a lu e s  o b ta in e d  from  l i v e r  p a r t i c u l a t e  w i th o u t  
NADPH ( c o n t r o l )  and w ith  NADPH (4mM), E r r o r  b a r s  = 
s ta n d a r d  d e v i a t i o n .  F in a l  c o n c e n t r a t io n s  in  
i n c u b a t i o n s : -  20mM t r i s -H C l*  pH 7 .0 ;  2mM ADP;
0 .1 2mM F eC l^ ; 20mM n ic o n t  in a m id e ; 27 mM KOI;
4mM NADPH; p a r t i c u l a t e  f r a c t i o n  1 -3 .25m g p r o t e i n / m l .
-  1 ) 4  -
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F ig u re  55* E f f e c t  o f  NADPH on l i v e r  p a r t i c u l a t e  l i p i d
p e r o x i d a t i o n  m ea su red  by f l u o r e s c e n t  p ig m e n t , 
e x p re s s e d  a s  r e l a t i v e  f lu o r e s c e n c e  u n i ts /m g  
p a r t i c u l a t e  p r o t e i n .  R e s u l ts  r e p r e s e n t  a v e ra g e  
o f  t r i p l i c a t e  v a lu e s  o b ta in e d  from  l i v e r  
p a r t i c u l a t e  w i th o u t  NADPH ( c o n t r o l )  and  w ith  
NADPH (4mM), E r r o r  b a r s  = s t a n d a r d  d e v i a t i o n .  
F in a l  c o n c e n t r a t i o n s  in  i n c u b a t i o n s 2 0 m M  
t r i s - H C l ,  pH 7 .0 ;  2mM ADP; 0.12mM F eC lg 20mM 
n i c o n t in a m id e ; 27mM KCl; NADPH; p a r t i c u l a t e  
f r a c t i o n  1 - 5 . 25mg p r o te in /m l*
-  135 -
3+A s c o rb a te /F e  in d u c e d  l i p i d  p e r o x id a t io n  d a ta  a r e  shown in  
T ab le  10 and F i g s ,  3 6 -3 8 . The k i n e t i c s  a r e  v e ry  s i m i l a r  to  th e  
enzym ic sy stem  in  t h a t  b o th  CD and MDA re a c h  a maximum a t  60 m in u te s  
(9x  and 3 . 5x c o n t r o l  r e s p e c t i v e ly )  and d e c l in e  t h e r e a f t e r  w hereas FP 
do n o t  peak (3x  c o n t r o l )  u n t i l  120 m in u te s  w h e r e a f te r  th e  l e v e l s  a r e  
s u s ta in e d  ( u n t i l  180 m in u te s ) .
On th e  b a s is  o f  th e s e  r e s u l t s  an  in c u b a t io n  tim e  o f  60 m in u te s  
was chosen  f o r  f u tu r e  e x p e r im e n ts  s in c e  b o th  CD and MDA a r e  m axim al a t  
t h i s  tim e  and FP a lth o u g h  s t i l l  i n c r e a s in g  sh o u ld  be a  more s e n s i t i v e  
in d e x  and t h e r e f o r e  s t i l l  e a s i l y  m e a su re a b le .
;
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30  60 90 120 150 180
INCUBATION TIME (minutes )
F ig u re  5 6 . E f f e c t  o f  a s c o r b a te  on l i v e r  p a r t i c u l a t e  l i p i d  
p e r o x i d a t i o n  m easu red  by c o n ju g a te d  d ie n e ,  
e x p re s s e d  a s  r e l a t i v e  a b s o rb a n c e  (2)$nm ) u n i ts /m g  
p a r t i c u l a t e  p r o t e i n .  R e s u l ts  r e p r e s e n t  a v e ra g e  o f  
t r i p l i c a t e  v a lu e s  o b ta in e d  from  l i v e r  p a r t i c u l a t e  
w i th o u t  a s c o r b a te  ( c o n t r o l )  and  w ith  a s c o r b a te  
(0 .66m M ), E r r o r  b a r s  = s ta n d a r d  d e v ia t i o n .  F in a l  
c o n c e n t r a t io n s  in  i n c u b a t i o n s : -  1ÇuM t r i s - H C l ,  
pH 7 .O; 4niM ADP; F eC l^ ; 066mM a s c o r b a te ;
p a r t i c u l a t e  f r a c t i o n  1 .Omg p r o t e i n /m l .
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0  CONTROL 
■  ASCORBATE
3 0  6 0  9 0  120 150
IN C U B A T IO N  TIME ( m i n u t e s
F ig u re  57» E f f e c t  o f  a s c o r b a t e  on l i v e r  p a r t i c u l a t e  l i p i d
p e r o x id a t io n  m easu red  by t h i o b a r b i t u r i c  a c id  t e s t  
( a s  MDA), e x p re s s e d  a s  nmol MDA/mg p a r t i c u l a t e  
p r o t e i n .  R e s u l t s  r e p r e s e n t  a v e ra g e  o f  t r i p l i c a t e  
v a lu e s  o b ta in e d  from  l i v e r  p a r t i c u l a t e  w ith o u t  
a s c o r b a te  ( c o n t r o l )  and  w ith  a s c o r b a te  (0.66mM ).
E r r o r  b a r s  = s t a n d a r d  d e v i a t i o n .  F in a l  c o n c e n t r a t io n s  
in  i n c u b a t i o n s : -  lO^M t r i s - H C l ,  pH 7 ,0 ;  4mM ADP;
F eC lg ; 0.66mM a s c o r b a te ;  p a r t i c u l a t e  f r a c t i o n  
1.0m g p r o te in /m g .
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INCUBATION TIME ( m i n u t e s )
F ig u re  3 8 . E f f e c t  o f  a s c o r b a te  'on l i v e r  p a r t i c u l a t e  l i p i d  
p e r o x i d a t i o n  m ea su red  by f l u o r e s c e n t  p ig m e n t , 
e x p re s s e d  a s  r e l a t i v e  f lu o r e s c e n c e  u n i ts /m g  
p a r t i c u l a t e  p r o t e i n .  R e s u l ts  r e p r e s e n t  a v e ra g e  
o f  t r i p l i c a t e  v a lu e s  o b ta in e d  fro m  l i v e r  
p a r t i c u l a t e  w i th o u t  a s c o r b a te  ( c o n t r o l )  and  
w ith  a s c o r b a te  (0 .66m M ). E r r o r  b a r s  = s ta n d a r d  
d e v i a t i o n .  F in a l  c o n c e n t r a t io n s  in  in c u b a t io n s  
19nM t r i s - H C l ,  pH 7 .0 ;  4mK ADP; 12/iM F eC l^ ; 
0.66mM a s c o r b a t e ;  p a r t i c u l a t e  f r a c t i o n  1.0m g 
p r o t e i n / m l .
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P re v io u s  s t u d i e s  i n  s e v e r a l  l a b o r a t o r i e s  d e m o n s tra te d  t h a t  a 
G SH -dependent enzym e, presum ed a t  t h a t  tim e  to  be GSHPx (E.C  
1 .1 1 .1 .9 ) ,  d id  n o t  i n h i b i t  p e r o x id a t io n  in  m ic ro som al o r  m ito c h o n d r ia l  
membranes by re d u c in g  com plex l i p i d  p e ro x id e s  to  l i p i d  a lc o h o ls  (McCay 
a l ..  ,1 9 7 6 ) . However, a d d i t i o n a l  e v id e n c e  i n d i c a t e s  t h a t  a n o th e r  
f a c t o r  ( b u t  n o t  GSHPx) from  r a t  l i v e r  c y to s o l  i s  r e q u i r e d  f o r  th e  
G SH -dependent s u p p re s s io n  o f  l i p i d  p e r o x id a t io n .  I t  was a l s o  found  
th e  f a c t o r  i s  h e a t  r e s i s t a n t  ( G ibson  a l . ,1 9 8 0 ) .  The m echanism  o f  
t h i s  p r o t e c t i v e  e f f e c t  i s  unknown and th e  s tu d i e s  d e s c r ib e d  below  w ere 
c a r r i e d  o u t in  an a t te m p t  to  a s s e s s  th e  t o t a l ,  G SH -dependent 
a n t i o x id a n t  p o t e n t i a l  o f  CSFs 100,00pg s u p e r n a t a n t s ,  s in c e  i t  had 
a l r e a d y  been  shown (H u n te r , p e r s o n a l  com m unication) t h a t  GSHPx (and  
GSHR) a c t i v i t y  was n o t  d i f f e r e n t  from  norm al i n  DMD CSFs, I n  t h i s  
s tu d y  th e  c y to p la s m ic  f r a c t i o n  (1 0 0 ,0 0 0 g  s u p e r n a ta n t )  from  CSFs from  
norm al h e a l th y  in d iv i d u a l s  and DMD p a t i e n t s  w ere  t e s t e d  t o  a s s e s s  
t h e i r  p o te n c y  in  i n h i b i t i o n  o f  l i p i d  p e r o x id a t io n  in  th e  r a t  l i v e r  
p a r t i c u l a t e  sy stem s d e s c r ib e d  i n  th e  fo re g o in g  s e c t i o n .
The r e s u l t s  o f  th e s e  e x p e rim e n ts  a r e  shown in  T ab le  11 and 
F ig s .  3 9 -4 4 . C le a r ly ,  i n  t h i s  e x p e r im e n ts , c y to s o l  from  b o th  DMD and 
norm al c o n t r o l  CSFs was a b le  to  s u p p re s s  l i p i d  p e r o x id a t io n  in  th e  r a t  
l i v e r  sy stem  s t im u la te d  b o th  e n z y m ic a lly  and n o n -e n z y m ic a lly . 
A lthough  th e  i n h i b i t i n g  f a c t o r  i s  more e f f e c t i v e  a g a i n s t  
a s c o r b a te /F e ^ *  r a t h e r  th a n  NADPH-induced l i p i d  p e r o x id a t io n .  T h is  
e f f e c t  was se e n  b o th  w ith  c y to s o l  a lo n e  and w ith  c y to s o l  p lu s  GSH.
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0  NORMAL
■  DMD
< a :
F ig u re  59 , L ip id  p e r o x id a t io n  p r o d u c ts  ( c o n ju g a te d  d i e n e )  
a f t e c  60 m ins i n c n b a t id n  o f  l i v e r  p a r t i c u l a t e  
f r a c t i o n  w ith  ( a )  no  a d d i t i o n ;  ( 0  %DPE (4mM); 
( c )  NADPH (4mM)v+ g l u t a t h i o n e  (lOmM); ( d )  NADPH 
(4mM) + c y to s o l  (3 ,58m g p r o te in /m g  p a r t i c u l a t e  
p r o t e i n ) ;  ( e )  NADPH (4mM) + g l u t a t h i o n e  (lOmM) + 
c y to s o l  (5*38mg p r o te in /m g  p a r t i c u l a t e  p r o t e i n ) .
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F ig u re  4 0 . L ip id  p e r o x id a t io n  p r o d u c ts  (m a lo n d ia ld e h y d e )  
a f t e r  60 mina in c u b a t io n  o f  l i v e r  p a r t i c u l a t e  
f r a c t i o n  w ith  ( a )  no  a d d i t i o n ;  (b )  NADPH (4mM); 
( c )  NADPH (4mA) + g l u ta th i o n e  (lQmM); (d )  NADPH 
(4mM) + c y to s o l  (5-58m g p ro te in /m g  p a r t i c u l a t e ) ;  
p r o t e i n ) ;  ( e )  NADPH (4mM) + g l u t a t h i o n e  (lOmM) + 
c y to s o l  (3*38mg p r o te in /m g  p a r t i c u l a t e  p r o t e i n ) .
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F ig u re  4 1 .  L ip id  p e r o x i d a t i o n  p r o d u c ts  ( f l u o r e s c e n t  p ig m e n ts )  
a f t e r  60 m ins in c u b a t io n  p f  l i v e r  p a r t i c u l a t e  
f r a c t i o n  w i th  ( a )  n o  a d d i t i o n ;  ( b )  NA.DPH (4mM);
( c )  NADPH (4mM) + g l u t a t h i o n e  (lOmM); (d )  NADPH 
(4mM) + c y to s o l  ( ) .3 8 m g  p r o te in /m g  p a r t i c u l a t e  
p r o t e i n ) ;  ( e )  NADPH (4mM) 4- g l u t a t h i o n e  (lOmM) + 
c y to s o l  (5*58nig p r o te in /m g  p a r t i c u l a t e  p r o t e i n ) *
■ii;-1' -■j-- & ,a'. .r k;} f; «=“V • «
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13 un
F ig u re  4 2 , L ip id  p e r o x id a t io n  p r o d u c ts  ( c o n ju g a te d  d i e n e )  
a f t e r  6 6 '  m in s . in c u b a t io n  o f  l i v e r  p ^ t i o u l a t e  
f r a c t i o n  w ith  ( a )  n o  a d d i t i o n ;  ( b )  a s c o r b a te  
(0.66m M ); ( c )  a s c o r b a t e  (0,6émM ) + g l u t a t h i o n e  
(lOmM); ( d )  a s c o r b a te  (0.66mM^ + c y to s o l  (3*38mg 
p r o te in /m g  p a r t i c u l a t e  p r o t e i n ) ;  ( e )  a s c o r b a t e  
(0.66mM ) 4- g l u t a t h i o n e  (lOmM) + c y to s o l  (3 .38m g 
p r o te in /m g  p a r t i c u l a t e  p r o t e i n ) .
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F ig u re  45* M p id  p e r o x id a t io n  p r o d u c ts  (m a lo n d ia ld e h y d e )  
a f t e r  60 m ins in c u b a t io n  o f  l i v e r  p a r t i c u l a t e  
f r a c t i o n  w ith  ( a )  no a d d i t i o n ;  (b )  a s c o r b a te  
(0,66m M ); ( c )  a s c o r b a t e  (0.66mM) + g l u t a th i o n e  
(lOmM); ( d )  a s c o r b a te  (0.66mM) + c y to s o l  (3 .38m g 
p r o te in /m g  p a r t i c u l a t e  p r o t e i n ) ;  ( e )  a s c o r b a te  
(0,66mM ) + g l u t a t h i o n e  (lOmM) + c y to s o l  (3 .38m g 
p r o te in /m g  p a r t i c u l a t e  p r o t e i n ) .
mm "I «•
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F ig u re  44* L ip id  p e r o x id a t io n  p r o d u c ts  ( f l u o r e s c e n t  p ig m e n ts )  
a f t e r  60 m ins ^ in c u b a tio n  o f  l i v e r  p a r t i c u l a t e  
f r a c t i o n  w ith  ( a )  no  a d d i t i o n ;  ( b )  a s c o r b a te  
(0.66m M ); ( c )  a s c o r b a te  (0.66mM ) + g l u t a t h i o n e  
(lOmM); ( d )  a s c o r b a te  (0.66mM) + c y to s o l  (3 .38m g 
p r o te in /m g  p a r t i c u l a t e  p r o t e i n ) ;  ( e )  a s c o r b a te  
(0.66mM) + g l u t a t h i o n e  (lOmM) + c y to s o l  (3*38mg 
p r o te in /m g  p a r t i c u l a t e  p r o t e i n ) .
.'ü
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Two im p o r ta n t p o in ts  can  be made ab o u t th e s e  r e s u l t s ; -
( i )  w hereas w ith  DMD s u p e r n a ta n t ,  th e  a d d i t io n  o f  G8H + cytoso l p roduced  
in c re a s e d  i n h i b i t i o n  u n d er m ost c o n d i t io n s ,  t h e r e  was l i t t l e  
d i f f e r e n c e  betw een th e  i n h i b i t i o n  o b ta in e d  w ith  c o n t r o l  c y to s o l  a lo n e  
and w ith  added GSH;
( i i )  a lth o u g h  p e rh a p s  n o t s t a t i s t i c a l l y  s i g n i f i c a n t  due to  th e  sm a ll 
number o f  sam ples t e s t e d ,  n e v e r th e le s s  t h e r e  i s  a  c o n v in c in g  and 
c o n s i s t e n t  t r e n d  u n d er a l l  e x p e r im e n ta l  c o n d i t io n s  f o r  th e  DMD c y to s o l  
to  be more e f f e c t i v e  a s  an  a n t io x id a n t  th a n  c o n t r o l .  The s ig n i f ic a n c e  
o f  th e s e  r e s u l t s  w i l l  be d e a l t  w i th  i n  th e  d i s c u s s io n .
.'Ti
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35% (P < 0 .01 ) and FP by 70% (P < 0 .0 0 1 ) . P o s s ib le  c o r r e l a t i o n s  be tw een
l i p i d  p e r o x id a t io n  p ro d u c ts  (CD, MDA and FP) i n  DMD and norm al c o n t r o l
p lasm a w ere c a l c u l a t e d .  The r e s u l t s  a re  shown i n  T ab le  13.
A c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .7 3  was found  be tw een  DMD MDA and 
FP i n d i c a t i n g  t h a t  th e y  w ere s i g n i f i c a n t l y  p o s i t i v e l y  c o r r e l a t e d  
(P < 0 .0 2 ) . O th e rw ise  no s i g n i f i c a n t  c o r r e l a t i o n  be tw een  any o f  th e
in d ic e s  f o r  norm al o r  DMD p lasm a was fo u n d .
3.2
3 .2 .1  PLASMA LIPID PEROXIDATION PRODUCTS
3 .2 .1 . 1  FRESH. SAMPLES
The p lasm a l i p i d  p e r o x id a t io n  p ro d u c ts  i n  DMD m easured  by u .v  
a b so rb a n c e  (CD), TEA t e s t  (MDA) and FP w ere s i g n i f i c a n t l y  h ig h e r  th a n  
in  a  g ro u p  o f  no rm al boys m atched  f o r  age (T a b le  1 2 ) . One c a r r i è r e s  
p lasm a was a l s o  exam ined b u t  showed no s i g n i f i c a n t  d i f f e r e n c e  from  
norm al c o n t r o l  p la sm a . T hese r e s u l t s  a r e  sum m arised i n  F ig s .  4 5 -4 7 .
iL e v e ls  o f  CD w ere  r a i s e d  by 77% (P < 0 .0 2 ) , TEA r e a c t i v e  m a te r i a l s  by y
T a b l e  12.
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L i p i d  p e r o x i d a t i o n  p r o d u c t s  i n  human plasma from 
p a t i e n t s  w i t h  DMD and a g e - r e l a t e d  normal  c o n t r o l  
subj e c t s .
NORMAL CONTROLS (CHILDREN)
Normal
Plasma
M al on d i a l de hy d e  
nmol ml" plasma
Conjugated  Diene  
Ag^c ml”  ^ plasma
F l u o r e s c e n t  Pigment  RFU ml-1 Plasma
PA 4 . 4 3  ±0 . 49 1 . 3 1  ±0.30 1 1 . 4 +  0 . 6
A 4 . 8 8 ± 0 . 3 5 1 . 1 7 + 0 . 1 2 1 1 . 0 + 0 . 4
LH 2 . 9 6 + 0 . 3 8 1 . 2 9 ± 0 . 0 5 1 2 .? ± .0 . 4
HG 4 . 1 8 ± 0 . 2 8 1 . 1 6 ± 0 . 0 7 1 0 . 0 +  1 . 2
GP 3 . 1 2 ± 0 . 2 4 1 . 1 6 + 0 . 1 6 1 0 . 6 + 0 . 6
HT 2 . 8 4 ± 0 . 6 l 1 . 1 4 +0 . 1 6 1 2 . 1 +  0 . 5
AS 2 . 9 2 ± 0 . 4 8 1 . 1 4  ±0 . 2 4 1 1 . 1 +  0 . 0
FF 4 . 6 4 +0 . 4 2 1 .  40 +0.44 1 1 . 1 +  1 . 2
GR 4 . 5 6 +0 . 8 4 1 . 4 2 +0 . 4 2 8 . 8 ± 0 . 5
EP 3 . 2 4 + 0 . 6 1 1 . 2 8 ± 0 . 2 4 1 1 . 3  ± 0 . 3
n = 10 3 . 7 7 ±  0 . 8 2 1 . 2 4  ± 0 . 11 1 0 . 9 ± 0 . 9
Age be tween  4- and 16
-  1 5 0  -
T a b l e  12 ( C o n t i n u e d )
NORMAL CONTROLS(ADULTS)
Normal
Plasma
Conjugated  Di ene  
A235 plasma
Ma londi a l de hyde  nmol ffll“l  plasma
F l u o r e s c e n t  Pi gment  
RFU ml~-  ^ P l asma
3J 1 . 9 2 +0 . 4 0 4 . 8 1 ± 0 . 5 0 1 2 . 2 + 0 . 8
JM 1 . 7 5 ± 0 . 4 0 4 . 4 3 ± 0 . 4 9 1 5 . 4 ± 1 . 2
LG 1 . 7 6 ± 0 . 3 0 5 . 1 2 +0 . 4 7 1 1 . 0 + 0 . 8
AG 1 . 3 1 ± 0 . 3 0 4 . 8 8 +0 . 3 5 1 0 . 3 +1 . 0
WML 1 . 2 5 ± 0 . 1 1 4 . 6 6 +0 . 4 2 1 1 . 0 + 0 . 6
CHS 1 . 1 7 ± 0 . 1 2 5 . 4 5 ± 0 . 5 2 1 3 . 5 +1 . 5
JDB 1 . 1 7 ± 0 . 1 2 4 . 1 0 + 0 . 2 7 9 . ? ± 2 . 0
MLl 1 . 2 9 ± 0 . 0 5 4 . 6 3 ± 0 . 3 6 1 2 . . >±1 . 9
ML 2 1 . 1 6 + 0 . 0 7 5 . 1 9 ± 0 . 2 6 1 5 . Z ± 2 . 6
DK 1 . 2 4 ± 0 . 0 5 2 . 9 3 ± 0 . 3 0 1 3 . 0 ± 1 . 5
MISH ' 1 . 2 0 + 0 . 0 7 4 . 1 0 +0 . 2 0 1 2 . 4 ± 1 . 6
n = 11 1 . 3 8 ± 0 . 2 8 4 . 5 7 ± 0 . 6 9 1 2 . >  ± 1 . 8
Age between 20 and 37
-  151 -
Ta b l e  12 ( C o n t i n u e d )
DU'C'HENÎIS MUSCULAR DYSTROPHY
DuchennePlasma
Conjugated  Di ene  
Ag^^ ml” plasma
M al o n d i a l de hy de  nmol m l“l  p lasma F l u o r e s c e n t  Pi gment  RFU ml" p l as ma
80 2 . 1 3 ± 0 . 3 0 5 . 0 3 1 0 . 2 2 2 3 . ) ± 0 . 8
NRJ 2 . 2 7 ± 0 . 40 6 . 4 4 1 0 . 1 9 2 2 . 0 +  0 . 8
DC 1 . 7 5 ± 0 . 4 0 5 . 4 7 1 0 . 1 4 2 3 . 1 ±  0 . 4
' JT 1 . 7 9 ± 0 . 6 0 5 . 0 1 1 0 . 1 7 1 9 . 0 ± 5 . 4
DT 4 . 9 3 ± 0 . 1 0 4 . 4 7 1 0 . 2 4 1 5 . 4  ± 1 . 0
MF 2 . 40±0 . 6 0 6 . 2 8 + 0 . 1 3 2 3 . 0  ± 0 . 5
DR 1 . 4 6 + 0 . 6 4 4 . 4 7 1 0 . 2 4 1 8 . 0  ± . 1 . 2
JM 1 . 7 9 ± 0 . 6 0 5 . 1 2 1 0 . 1 2 1 2 . 9  ± 0 . 3
PM 1 . 3 9 ± 0 . 4 1 3 . 6 4 1 0 . 4 3 1 2 . 5  ± 0 . 2
n = 9 2 . 2 1 ± 1 . 0 1 5 . 1 0  ± 0 .  88 1 8 . 7  ± 4 . 3
Age be tween 3 and 16
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F igure  45» D i s t r i b u t i o n  o f  con ju ga ted  d ien e  c o n c e n tr a t io n  in  
plasma, o f  p a t i e n t s  w ith  DMD ( ■ ) ,  a c a r r i e r  (■♦') 
and normal c o n t r o l s  ( • ) .  Each p o in t  r e p r e s e n t s  th e  
mean o f  d u p l i c a t e  a s s a y s  on an in d i v id u a l  p a t i e n t ,  
c a r r i e r  or c o n t r o l .
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F igu re  4 6 * D i s t r i b u t i o n  o f  TBV- r é a c t i v é  m a te r ia l  c o n c e n tr a t io n  
in  plasma o f  p a t i e n t s  w ith  DMD ( ■ ) ,  a c a r r i e r  ( ♦  ) 
and normal c o n t r o l s  ( • ) .  Each p o in t  r e p r e s e n t s  the  
mean o f  d u p l i c a t e  a s s a y s  on an in d i v id u a l  p a t i e n t ,  
c a r r i e r  or c o n t r o l . .
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F ig u re  47* D i s t r i b u t i o n  o f  f l u o r e s c e n t  p igm en t c o n c e n t r a t io n  
in  p lasm a  o f  p a t i e n t s  w ith  DMD ( ■  ) ,  a  c a r r i e r  ( “^  ) 
and  n o rm a l c o n t r o l s  ( • ) .  Each p o i n t  r e p r e s e n t s  th e  
mean o f  d u p l i c a t e  a s s a y s  on an i n d i v i d u a l  p a t i e n t ,  
c a r r i e r  o r  c o n t r o l .
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I n  t h i s  s tu d y  p lasm a l i p i d  p e r o x id a t io n  p ro d u c ts  w ere  e s t im a te d  
in  norm al a d u l t s  and c h i ld r e n  p lasm a sa m p le s . As shown in  T ab le  14
and F ig s ,  4 8 -5 0 , th e  p r o d u c ts  r e v e a le d  no s i g n i f i c a n t  d i f f e r e n c e
e x c e p t  f o r  MDA w hich was in c r e a s e d  20% i n  p lasm a from  a d u l t s  th a n
c h i l d r e n  ( F ig .  49; T ab le  14; P < 0 .0 5 ) .
I
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3 .2 .1 .2  EFFECT. OF STORAGE ON LIPID PEROXIDATION PRODUCTS
B ecause  i t  i s  d i f f i c u l t  w ith  a  r e l a t i v e l y  r a r e  d i s e a s e  l i k e  DMD 
to  a r ra n g e  f o r  s im u lta n e o u s  c o l l e c t i o n  o f  s e v e r a l  s a m p le s , i t  can  be 
a d v a n ta g e o u s  to  a c c u m u la te  sam p les  o v e r  a  p e r io d  o f  m onths ( i f  n o t  
y e a r s )  p r i o r  to  b io c h e m ic a l  t e s t i n g .  An im p o r ta n t  p r e - r e q u i s i t e ,  o f  
c o u rs e  i s  t h a t  th e  p a ra m e te r  b e in g  m easured does n o t  a l t e r  w ith  
s to r a g e .  D u rin g  th e  c o u rse  o f  t h i s  w ork , a n a ly s e s  w ere  pe rfo rm ed  on 
sam p les  which had been  s to r e d  a t  -20^C f o r  v a ry in g  p e r io d s  o f  tim e  to  
d e te rm in e  th e  e f f e c t s  o f  s to r a g e .  The m a jo r i ty  o f  th e  d a ta  i s  f o r  
sam p les  from  d i f f e r e n t  i n d iv i d u a l s  b u t  some r e s u l t s  r e f e r  to  sam p les  
from  th e  same i n d iv i d u a l  ( a s  i n d i c a t e d  b e lo w ). T ab le  15 shows d a ta  
f o r  s to r e d  sam p les  from  d i f f e r e n t  i n d iv i d u a l s .
The CD c o n c e n t r a t io n  (A ^^^) a p p e a rs  n o t  to  v a ry  s i g n i f i c a n t l y  
w ith  s to r a g e  t im e  f o r  e i t h e r  c o n t r o l  o r  DMD sam p les  w here b o th  MDA and 
FP in c r e a s e  s i g n i f i c a n t l y  a f t e r  s to r a g e  ( F ig .  5 1 ) .  F o r  b o th  c o n t r o l s  
and DMD sam p les  MDA i n c r e a s e s  a p p ro x im a te ly  tw o fo ld  w hereas FP 
in c r e a s e  a p p ro x im a te ly  th r e e  f o l d ,  a f t e r  s to r a g e  f o r  3 y e a r s .  The 
k i n e t i c s  o f  th e  changes d e s e rv e  comment. F ig .  52 shows t h a t  w hereas  
i n  DMD p la sm a , th e  MDA c o n c e n t r a t io n  in c r e a s e s  a lm o s t l i n e a r l y  up to  
two y e a r s ,  f a l l i n g  o f f  t h e r e a f t e r ,  f o r  norm al p lasm a th e r e  i s  a  l a g  
p e r io d s  o f  a  y e a r  b e f o r e  MDA i n c r e a s e s  a p p r e c ia b ly .  F ig .  53 shows 
t h a t  in  b o th  DMD and norm al p lasm a  FP in c r e a s e  a t  a  s i m i l a r  r a t e ,  
t a i l i n g  o f f  a f t e r  two y e a r s .
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Figure 51• Conjugated d ie n e  c o n c e n tr a t io n  in  plasma a t  
v a r io u s  s t o r a g e  (-20^C) t im e s ,  exp ressed  as 
r e l a t i v e  absorbance (2 ))nm ) u n i t s / m l  p lasm a.  
Each p o in t  r e p r e s e n t s  the  mean f o r  each group 
o f  s u b j e c t s  and a s s a y  were c a r r i e d  out in  
d u p l i c a t e  e s t i m a t i o n s .
, c o n t r o l ,
, DMD.
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F ig u r e  5 2 ,  M a io n d ia ld e h y d e  c o n c e n t r a t io n  i n  p la s m a  a t  
v a r io u s  s t o r a g e  ( - 2 0 ° C )  t im e s ,  e x p re s s e d  as  
n m o l/m l p la s m a . E ach  p o i n t  r e p r e s e n t s  th e  
mean f o r  e a c h  g ro u p  o f  s u b je c t s  and a s s a y  
w e re  c a r r i e d  o u t  in  d u p l i c a t e  e s t i m a t i o n s ,
, c o n t r o l .
, DMD.
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F ig u re  53* F lu o r e s c e n t  p ig m e n t c o n c e n t r a t i o n  in  p lasm a 
a t  v a r io u s  s to r a g e  ( -2 0 ° C )  t im e s ,  e x p re s s e d  
as r e l a t i v e  f lu o r e s c e n c e  u n i t s / m l  p la sm a .
Each p o i n t  r e p r e s e n t s  th e  mean f o r  each  g ro u p  
o f  s u b je c t s  and a s s a y  w ere  c a r r i e d  o u t in  
d u p l i c a t e  e s t i m a t i o n s .
, c o n t r o l .
, DMD.
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S in c e  m ost sam p les  w ould p ro b a b ly  n o t  be s to r e d  f o r  lo n g e r  th a n  
a  few m onths a t  m ost and s in c e  th e  s h o r t e s t  s to r a g e  tim e  i n v e s t ig a t e d  
i n  th e  p re c e d in g  s tu d y  was 6 m on ths, a  f u r t h e r  e x p e rim e n t was c a r r i e d  
o u t  a s s a y in g  l i p i d  p e r o x id a t io n  p ro d u c ts  from  two p o o ls  o f  p lasm a f o r  
2 no rm al a d u l t  i n d iv i d u a l s  (A+B) a t  m on th ly  i n t e r v a l s  f o r  6 m on ths. 
T hese r e s u l t s  a r e  shown in  T ab le  16 and F ig .  54 . There i s  a  
s i g n i f i c a n t  i n c r e a s e  in  b o th  MDA (12% A and B) and FP (42%A; 64% B) on 
s to r a g e  f e r  6 m onths b u t i t  i s  im p o r ta n t  to  n o te  t h a t  f o r  b o th  sam ples 
t h e r e  w a s \  no. i n c r e a s e  in  e i t h e r  p a ra m e te r  o v e r  th e  f i r s t  month b u t  
t h a t  a f t e r . . t h i s  t h e r e  i s  a  l i n e a r  in c r e a s e  up to  6 m on ths .
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3 .2 .2  ASSAY OF PLASMA ANTIOXIDANTS
3 .2 .2 .1  JDJAL. PLASMA ANTIOXIDANT ACTIVITY (ADA)
L ip id  p e r o x id a t io n  ( a u to x id a t io n )  o c c u rs  r e a d i l y  in  a  v a r i e t y  
o f  t i s s u e  hom ogenates when th e y  a r e  in c u b a te d  a e r o b i c a l ly  (B a rb e r ,  
1 9 6 1 ). The r a t e  o f  f o rm a tio n  o f  l i p i d  p e ro x id e s ,  a s  m easured  by MDA 
p r o d u c t io n ,  i s  g r e a t e s t  i n  b r a i n  and h e p a t ic  t i s s u e  b u t  s i g n i f i c a n t  
q u a n t i t i e s  a r e  a ls o  form ed d u r in g  in c u b a t io n  o f  o t h e r  p a re n tch y m a to u s  
t i s s u e  su ch  a s  t e s t i s ,  k id n e y  and m usc le  ( B a r b e r ,1961; McMurray and 
Dormandy, 1 974 ). I n  t h i s  s tu d y  a  b r a in  hom ogenate was chosen  as  th e  
s u b s t r a t e  m a te r i a l  to  i n v e s t i g a t e  AOA i n  IMD and no rm al c o n t r o l  p lasm a  
s in c e  i t  h a s  th e  fo llo w in g  a d v a n ta g e s : -
( i )  F re sh  o x - b r a in  can  be r e a d i l y  o b ta in e d  in  l a r g e  q u a t i t i e s  from  th e  
l o c a l  s l a u g h t e r  h o u se .
( i i )  B lood can  e a s i l y  be rem oved by rem oval o f  th e  m eninges and  
w ashing  in  s a l i n e  so  t h a t  b r a i n  hom ogenate i s  i d e a l l y  s u i t e d  f o r  
p r e p a r a t i o n  o f  a  l a r g e  s i n g l e  b a tc h  o f hom ogenate f o r  u se  as  a  
s u b s t r a t e .  T h is  i s  a  v e ry  im p o r ta n t  r e q u ire m e n t  f o r  r e p r o d u c ib le  th e  
m easurem ent o f  th e  AOA o f  p la sm a .
( i i i )  L a s t l y ,  Donnan (1 9 5 0 ) and B a rb e r  (1961) r e p o r t e d  t h a t  l i p i d  
p e r o x id a t io n  i n  b r a in  hom ogenates o c c u rs  r a p id ly  d u r in g  in c u b a t io n  a t  
37°C , th e  r a t e  in  t h i s  hom ogenate  b e in g  g r e a t e r  com pared to  m ost o t h e r  
t i s s u e s .  The h ig h  c o n te n t  o f  l i p i d  and more im p o r ta n t ly  a  r e l a t i v e l y  
h ig h  c o n te n t  o f  th e  PUFA, a r a c h id o n ic  and d o c o sa h e x a e n o ic  a c i d s ,  
p ro v id e  a n o th e r  a d v a n ta g e  o f  u s in g  t h i s  t i s s u e .  I t  i s  th e s e  f a t t y  
a c id s  w hich a u to x id i s e  m ost r e a d i l y  in  t i s s u e  p r e p a r a t i o n s  (May e t
*■'- .. .   ■ - - - -_____' - •'_____■  S__i-i-____________________________________________________________.i. - :'.A. 11-1 .
H-  170 -
a l .  ,1965).
The e f f e c t  o f  p o o led  p lasm a on th e  l i p i d  a u to x id a t io n  o f  
s ta n d a r d  b r a i n  hom ogenate i s  i l l u s t r a t e d  i n  F ig .  55 and T ab le  IT . 
T here  was a  s i g n i f i c a n t  d i f f e r e n c e  betw een th e  AOA o f  EMD and norm al 
c o n t r o l  p lasm a (P < 0 .0 0 1 ) . The AOA o f  DMD p lasm a was 7 6 .3 + 2 .0 $  
(m eanj:S,D , n=6) and t h a t  o f  norm al c o n t r o l  p lasm a was 6 2 .9 + 4 .9 $  
(m ean+S.D , n = 1 1 ). A lso , w ith  th e  l im i te d  number o f  p a t i e n t s  s tu d ie d  
w ere  t h e r e  was no o v e r la p  betw een  DMD and c o n t r o l  v a lu e s .  As shown in  
T a b le  18 t h e r e  no s i g n i f i c a n t  c o r r e l a t i o n  (P > 0 .0 5 ) was found  betw een  
AOA and l i p i d  p e r o x id a t io n  p ro d u c ts  in  norm al p lasm a I n  DMD p la sm a , a  
c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .7 8  was found be tw een  AOA and MDA 
c o n c e n t r a t io n  w hich i n d i c a t e s  t h a t  th ey  w ere h ig h ly  s i g n i f i c a n t l y  
p o s i t i v e l y  c o r r e l a t e d  (P < 0 .0 5 ) .
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T ab le  1 7 .  Plasma a n t i o x i d a n t  a c t i v i t y  from p a t i e n t s  w i t h  DMD and normal c o n t r o l  s u b j e c t s .
Each v a l u e  r e p r e s e n t s  t h e  mean o f  d u p l i c a t e  e s t i m a t i o n  ± S .D .
NORMAL CONTROLS
N o . P a t i e n t s  I n i t i a l
MDA (T^) -  MDA (T^) AOA
%B=(l-A)xlOO V.MDA (C l )  - MDA (Cr)  MEAN ± S . b .  °
1 ML (1 ) 0 . 3 0 + 0 . 0 3 70
2 ML (2) 0 . 4 4 * 0 . 0 2 56
3 JBM 0 . 3 1 * 0 . 0 3 69
4 DL 0 . 3 6 * 0 . 0 4 64
5 JDB 0 . 3 2 + 0 . 0 1 68
6 DK 0 . 4 0 ± 0 . 0 2 60
7 AO 0 . 4 2 + 0 . 0 3 58
8 LC 0 . 3 7 + 0 . 0 2 63
9 EJ 0 . 3 4 * 0 . 0 2 66
10 DS 0 . 4 3 * 0 . 0 4 57
11 MISK 0 . 3 9 * 0 . 0 3 61
n = 11 (NORMAL CONTROL) 6 2 . 9 ± 4 . 9
■ i’z. i L 'L l-c ‘' ill
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T a b l e  17 ( C o n t i n u e d )
DUCHENNE MUSCULAR DYSTROPHY
No. P a t i e n t s  I n i t i a l MDA (T-.) -  MDA (T„) - AOA% B = (l-A )x lO OMDA (C^) -  MDA (Cq) 
MEAN ± S .D .
1 NRJ 0 . 2 1 * 0 . 0 3 79
2 DT 0 . 2 6 ± 0 . 0 4 74
3 DC 0 . 2 5 * 0 . 0 5 75
4 SO 0 . 2 2 * 0 . 0 2 78
5 JT 0 . 2 3 * 0 . 0 1 77
6 ME 0 . 2 5 * 0 . 0 3 75
(n = 6) DUCHENNE 7 6 . 3 * 2 . 0
MDA = nmol/ m lC^  = c o n t r o l  ( z e r o  t i m e )
C  ^ = c o n t r o l  ( l  hour)
T  ^ = t e s t  ( z e r o  t i m e )
T-, = t e s t  (1 hou r)
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F ig u re  55* D i s t r i b u t i o n  o f  a n t i o x id a n t  a c t i v i t y  (%) in  
p la sm a  o f  p a t i e n t s  w ith  DMD ( # )  and n o rm a l 
c o n t r o l s  ( M ) .  Each p o in t  r e p r e s e n t s  th e  mean 
o f  d u p l i c a t e  a s s a y s  on an i n d iv i d u a l  p a t i e n t  
o r  c o n t r o l .
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3 .2 .2 .2  PLASMA ALPHA-TQCOPHEROL (VITAMIN El CONCENTRATION
A s i g n i f i c a n t  amount o f  e v id e n c e  i n d ic a te s  t h a t  th e  p r im a ry , i f  
n o t  th e  s o le ;  f u n c t io n  o f  v i ta m in  E in  m etabo lism  i s  t h a t  o f  an I n  
v iv o  l i p i d  a n t i o x id a n t  ( a s  d e s c r ib e d  e a r l i e r  in  I n t r o d u c t i o n ) .  
P ro b a b ly  th e  m ost d i r e c t  e v id e n c e  to  s u b s t a n t i a t e  t h i s  th e o ry  i s  t h a t  
l ip o p e r o x id e s  have  b een  found  i n  th e  t i s s u e s  o f  v i ta m in  E - d e f i c i e n t  
a n im a ls  (Dam and G ran ad o s, 1 9 4 5 ) . I t  i s  assumed t h a t  v i ta m in  E a c t s  
a s  an I n  v iv o  l i p i d  a n t i o x id a n t ,  p r o te c t in g  PUFA i n  t i s s u e  l i p i d s  
a g a in s t  p e r o x id a t io n .  The p re s e n c e  o f  low v ita m in  E c o n c e n t r a t io n ,  
e s p e c i a l l y  in  s t r u c t u r a l  l i p i d s ,  c o u ld  r e s u l t  in  w id e sp re a d  t i s s u e  
dam age,
In  t h i s  s tu d y  p lasm a v i ta m in  E was e s t im a te d  in  DMD and 
age-m atched  norm al c o n t r o l  s a m p le s . As shown in  F ig .  56 and T ab le  19 
th e  mean p lasm a v i ta m in  E was 4 .1 4 ± 2 .0 0  m g / l i t r e  p lasm a in  DMD (n=8) 
and 8 .1 2 ± 2 .0 4  m g / l i t r e  p lasm a in  age-m atched  norm al c o n t r o l s  (n = 9 ) .  
T h is  d i f f e r e n c e  was h ig h ly  s t a t i s t i c a l l y  s i g n i f i c a n t  (P < 0 .0 0 2 ) .
E f f e c t  o f  s to r a g e  (-2 0 °C ) was a l s o  s tu d ie d  on p lasm a v i ta m in  E 
l e v e l .  The v a r i a t i o n  in  p lasm a v i ta m in  E c o n c e n t r a t io n  in  DMD and 
norm al c o n t r o l  p lasm a o v e r  a  p e r io d  o f  up to  3 y e a rs  i s  shown in  F ig .  
57 and T ab le  2 0 . B ecause th e  s tu d y  compared sam p les from  d i f f e r e n t
in d iv id u a l s  s to r e d  o v e r  th e  3 y e a r s  p e r io d  th e r e  i s  n o t  as c l e a r  a
p i c t u r e  as i f  th e  same sa m p les  had been  m o n ito re d  b u t  a  g e n e r a l
d e c re a s e  in  a lp h a - to c o p h e r o l  be s e e n  in  b o th  DMD and c o n t r o l  s a m p le s .
T a b l e  19 .
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Plasma a l p h a - t o c o p h e r o l  ( v i t a m i n  E) c o n c e n t r a t i o n  
i n  DMD and normal  c o n t r o l  sam p le s  from a d u l t s  
and c h i l d r e n .
NORMAL CONTROLS (ADULTS)
P a t i e n t  
I n i t i a l s  * V itam in  E ( m g / l i t r e )  (Mean ± S . D . )
M8L 1 0 . 0 9 * 0 . 4 7
MB 9 . 0 8 * 0 . 7 2
DK 9 . 52* 0 . 2 4
AI 7 . 3 2 * 0 . 1 7
PR 1 0 . 2 0 * 0 . 0 7
AT 8 . 4 9 * 0 . 0 4
MISH 9 . 9 8 * 0 . 4 9
JQ 9 . 7 0 * 0 . 7 7
EJ 4 . 3 7 * 0 . 1 3
JDB 7 . 0 0 *0 . 3 2
MLl 8 . 53*0 . 4 1
ML 2 1 2 . 5 5 * 0 . 0 5
BON 1 0 . 8 0 * 0 . 3 0
AL 8 . 50*0 . 3 0
JH 1 1 . 45*0 . 0 5
JM 5 . 8 0 * 0 . 5 0
PN 1 4 . 6 5 * 0 . 4 0
n = 17 9 . 3 0 * 2 . 4 5
age  b e tw een  18 and 35
- ,.à l
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T ab le  1 9 .  (C o n t in u ed )  
NORMAL CONTROLS (CHILDREN)
P a t i e n t
I n i t i a l s * V itam in ii ( m g / l i t r e )  
(Mean ± S . D . )
PA 9 . 4 8 * 1 . 2 1
A 8 . 5 6 * 1 . 1 7
LH 7 . 6 6 * 1 , 7 6
MG 1 0 . 2 1 * 1 . 3 0
HT 6 . 2 0 * 0 . 8 1
FF 1 0 . 0 4 * 1 . 1 6
GR 1 0 . 0 4 *1 . 4 0
A3 4 . 67* 0 . 4 6
SP 6 . 20 *1 . 2 4
n = 9 8 . 1 2 *2 . 0 4
.
age  b e tw een  4 and 16
- 1 7 8 -
T a b l e  19 .  ( C o n t i n u e d )
DUCHSIÎNE MUSCULAR DYSTROPHY
P a t i e n t  
I n i t i a l s  * V itam in  E ( m g / l i t r e )  (Mean ± S . D . )
DC 2 . 9 9 * 0 . 1 1
SO 2 . 8 1 * 0 . 7 6
JT 4 . 0 5 * 0 . 5 3
DT 5 . 2 0 * 0 . 0 3
NRJ 3 . 1 2 * 0 . 2 3
MF 2 . 6 4 * 0 . 4 3
JM 3 . 6 7 * 0 . 2 2
DR 8 . 6 7 * 1 . 2 2
n = 8 4 . 1 4 * 2 . 0 0
age be tw een  3 and l 6
-  179 -
16
1 4
<
c
CL
1 0  -
OJ
cn
E  8
oq :
u Jz cCLoL_Jo
5nrCL_ j• < 4
NORMALADULTS•
DMD NORMALCHILDREN
e
•
e
^  o  o
ee o
#  e  # ■ o
##
o
o  o .
e ■
e o■■
"  :  ■
9 3 0  ± 2 ' 4 5  n = 17 4 . 1 4  + 2 . 0 0n = 8 8 1 2 + 2 . 0 4n = 9
P c O ' O O l P < 0  0 0 2
F ig u re  5 6 . D i s t r i b u t i o n  o f  a lp h a - to c o p h e r o l  c o n c e n t r a t io n  in  p lasm a 
o f  p a t i e n t s  w ith  DMD ( ■ ) ,  n o rm a l a d u l t s  ( • )  and  n o rm a l 
c h i l d r e n  ( O ) ,
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Figure 57* Alpha~tocopherol concentration in plasma at 
various s torage  times (-20°C),  expressed as 
m g / l i t r e  plasma. Each point represents  the 
mean for  each group of subjects  and assay 
were carr ied out in duplicate  est imations,
,, contro l ;  m  g  , DMD.
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T h is  d e c re a s e  seems to  be f a i r l y  g e n e r a l  b e tw een /an d  3 y e a r s  f o r  th e  
DMD sam p les  (50% d e c re a s e )  w hereas f o r  th e  c o n t r o l s  th e  m ajo r l o s s  
a p p e a rs  to  o c c u r  be tw een  2 and 3 y e a r s  ( t o t a l  63% d e c r e a s e ) .  S in c e  i t  
i s  rec o g n ize d , t h a t  n e o n a te s  o f t e n  have lo w er v i ta m in  E l e v e l s  th a n  
a d u l t s ,  a  g ro u p  o f  h e a l th y  a d u l t s  (a g e  ran g e  24 -35  y e a r s )  whose d a ta  
i s  shown in  F ig .  56 w ere com pared w ith  a  g ro u p  o f  9 c h i ld r e n  (a g e  
ra n g e  9-16 y e a r s ) .  As shown i n  T ab le  21 , th e r e  was no s i g n i f i c a n t  
d i f f e r e n t  b e tw een  be tw een  v i ta m in  E l e v e l  in  a d u l t  and c h i ld r e n s  
p lasm a sam p les  o b ta in e d  by HPLC a n a ly s i s  (P > 0 .0 5 ) .
I n  a d d i t i o n .  T ab le  22 shows c o r r e l a t i o n  c o e f f i c i e n t s  be tw een  
v i ta m in  E and s e v e r a l  o t h e r  v a r i a b l e s  as  l i s t e d  i n  th e  t a b l e .  No 
s i g n i f i c a n t  c o r r e l a t i o n  be tw een  v i ta m in  E and any v a r i a b l e  in  DMD and 
norm al c o n t r o l  p lasm a sa m p le s , was fo u n d .
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Ta ble  22.  C o r r e l a t i o n  c o e f f i c i e n t s  be tween  v i t a m i n  Eand o t h e r  v a r i a b l e s .
------ ----- ---- ------ ---
PlasmaSamples IndicesCompared CorrelationCoefficients(r) Probability(P)
;i
E + CpRc 0 . 1 4 7 NS 1
E + CpRa 0 . 2 4 1 NS
NORMAL CONTROL (n = 11)
E + TfRc 
E + TfSa
0 . 0 9 9
- 0 .154
NS
NS ;
E + CD - 0 . 1 7 7 NS
E + MDA - 0 . 4 3 6 NS
E + FP 0 . 4 4 6 NS
E + AOA - 0 . 3 2 9 NS
E + CpRc 0 . 2 4 1 NS .. Ï4
E + CpRa 0 . 1 4 7 NS 1
E + TfRc O.091 NS
DUCHENNE (n = 6) E + TfRa E + CD
- 0 . 1 5 4
- 0 . 356
NS
NS 1
E + MDA - 0 . 4 0 7 NS
E + FP - 0 . 2 1 8 NS ~
E + AOA 0 . 3 3 6 NS
;
E = V i ta m in  E ( a l p h a - t o c o p h e r o l ) ,  CpRc = C a e r u lo p la s m in  
( R o c k e t ) ,  CpRa = C a e r u l o p l a s m i n  ( R a d i a l ) ,  TfRc = T r a n s f e r r i n  
( R o c k e t ) ,  RfTa = T r a n s f e r r i n  ( R a d i a l ) ,  CD = C onju gated  
d i e n e ,  MDA = M a l o n d i a l d e h y d e , PP = F l u o r e s c e n t  p ig m e n t ,
AOA = A n t i o x i d a n t  a c t i v i t y ,  NS = Not s i g n i f i c a n t .
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3 .2 .2 .3  PLASMA CAERULOPLASMIN GONCENTMTJQN
C a e ru lo p la sm in  c o n c e n t r a t io n s  i n  plasm a o f  p a t i e n t s  w ith  DMD 
and age-m atched  norm al c o n t r o l s  w ere  m easured by im m unolog ical m ethods 
( r a d i a l  im m u n o d iffu s io n  and r o c k e t  im m u n o e le c tro p h o re s is ) . R e s u l ts  
a r e  shown in  T ab le  23 and F ig s .  58-59» DMD p lasm a showed a h ig h ly  
s i g n i f i c a n t  in c r e a s e  i n  th e  c o n te n t  o f  c a e ru lo p la s m in  a s  m easured by 
r a d i a l  im m u n o d iffu sio n  (100 .75± .11 .97  I .U /m l p lasm a, P<0.002) (F ig . 
5 8 ) , and by r o c k e t  im m u n o e le c tro p h o re s is  ( 9 8 .16ii11 .24  I.U /m l p lasm a, 
P<0.001) (F ig  5 9 ) . Normal c o n t r o l  (ag e -m a tch ed ) p lasm a c o n ta in e d  
79 .1 2 + 1 1 .9 0  I .U /m l p lasm a a s  d e te rm in e d  by r a d i a l  im m unod iffu sion  and 
7 5 .8 2 ± 8 .3 3  I .U /m l p lasm a by r o c k e t  im m u n o e lc tro p h o re s is .
P o s s ib le  c o r r e l a t i o n  o f  DMD p lasm a c a e ru lo p la s m in  c o n c e n t r a t io n  
a g a in s t  s e v e r a l  o th e r  v a r i a b l e s  ( a s  l i s t e d )  was t e s t e d  and th e  r e s u l t  
i s  shown in  T ab le  24a  and 24b. I n t e r e s t i n g l y ,  i n  DMD, a s i g n i f i c a n t  
c o r r e l a t i o n  b e tw een  c a e ru lo p la s m in  c o n c e n t r a t io n  (m easured  by b o th  
r a d i a l  and r o c k e t  im m u n o e le c tro p h o re s is )  and AOA and a l s o  w ith  two o f  
th e  l i p i d  p e r o x id a t io n  p ro d u c ts  m easured  (MDA and FP) was found . The 
s ig n i f i c a n c e  ten d ed  to  be g r e a t e r  f o r  DMD p lasm a. A c o r r e l a t i o n  
c o e f f i c i e n t  o f  0 .8 6 8  was found betw een  c a e ru lo p la s m in  c o n te n t  m easured 
by ro c k e t  im m u n o e le c tro p h o re s is  and MDA c o n c e n t r a t io n  w hich i n d i c a t e s  
t h a t  th ey  w ere v e ry  s i g n i f i c a n t l y  p o s i t i v e l y  c o r r e la t e d  (P< Q .001). 
T h is  may be an  im p o r ta n t  f in d in g  whose s ig n i f i c a n c e  i s  d e a l t  w ith  i n  
th e  d is c u s s io n .
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Table  23 .  Plasma c a e r u l o p l a s m i n  c o n t e n t  i n  normal a d u l t s ,  c h i l d r e n  and DMD p a t i e n t s .
NORMAL CONTROLS (ADULTS)
CAERULOPLASMIN(MEAN± S . D . )
P a t i e n t  
I n i t i a l s  * R a d i a lI m m u n o d i f fu s io n
R o ck e t
I m m u n o e l e c t r o p h o r e s i s
MSL 3 9 . 4 1 ± 7 . 3 1 8 0 . 0 0 * 8 . 4 3
MB 6 5 . 9 4 * 8 . 8 2 7 3 . 6 0 * 7 . 3 1
DK 8 4 . 7 5 * 9 . 9 0 7 3 . 6 0 * 1 1 . 1 1
A1 9 4 . 7 0 * 1 0 . 8 0 6 7 . 2 0 * 8 . 7 1
PR 7 0 . 4 0 * 9 . 2 1 7 1 . 6 8 + 9 . 3 6
AT 6 1 . 4 0 * 8 . 6 1 8 3 . 2 0 * 8 . 4 2
M18H 7 1 . 4 0 * 9 . 1 6 8 5 . 6 1 + 6 . 7 2
JBM 7 7 . 4 7 * 9 . 3 2 7 0 . 3 4 * 1 2 . 1 1
PN 6 0 . 8 0 * 1 8 . 6 2 8 4 . 3 3 * 1 1 . 1 4
DL 7 7 . 2 2 * 9 . 4 6 7 6 . 6 3 * 8 . 4 7
AG 8 1 . 6 0 * 9 . 5 2 8 9 . 7 8 ± 9 . 5 4
LC 8 1 . 8 2 * 9 . 7 4 7 6 . 6 3 * 1 0 . 1 4
DS 9 9 . 8 0 * 1 0 . 6 0 7 8 . 7 2 * 1 2 . 4 6
JQ 7 0 . 4 0 * 9 . 2 1 6 9 . 7 6 * 8 . 4 1
SJ 9 1 . 4 3 * 9 . 5 8 7 9 . 2 0 * 7 . 4 2
MLl 7 7 . 4 2 * 9 . 3 6 7 6 . 6 3 * 9 . 1 1
! ML2 7 9 . 8 2 * 1 9 . 4 8 7 3 . 6 7 * 1 1 . 1 0
JDB 8 6 . 4 3 * 1 9 . 4 8 8 9 . 1 4 * 9 . 4 6
BON 8 7 . 1 0 * 1 0 . 1 0 8 6 . 40* 9 . 4 6
AL 6 2 . 7 0 * 8 . 7 0 8 9 . 2 8 * 1 2 . 1 0
JH 6 5 . 6 0 * 8 . 8 1 8 8 . 9 6 * 9 . 8 2
JM 7 0 . 4 0 * 9 . 2 1 7 5 . 6 7 * 6 . 4 8
n = 22 7 5 . 3 7 * 1 3 . 4 9 7 9 . 1 9 * 6 . 9 6
age between  18 and 33
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T a b le  2 3 .  (C o n t in u e d )  
NORMAL CONTROLS (CHILDREN)
P a t i e n t  I n i t i a l s  *
CASRULOPLASMIN ( I . U. /ÏTI-çaS ) W (  
(MSAU ± S . D . )
R a d ia l
I m m u n o d i f fu s io n R ocket  I m m u n o e l e c t r o p h o r e s i  s
PA 6 2 . 1 0 * 8 . 5 4 7 6 . 6 3 * 9 . 7 4
A 7 9 . 1 0 * 9 . 5 4 6 9 . 7 6 * 1 0 . 1 3
LH 8 5 . 8 0 * 9 . 9 2 7 3 . 6 0 * 9 . 4 1
MG 7 7 . 4 0 * 9 . 5 1 7 1 . 6 8 i l O . 1 4
HT # 2 . 6 0 * 9 . 8 2 6 7 . 2 0 * 1 2 . 1 6
FF 9 9 . 8 0 * 1 0 . 6 0 7 1 . 6 8 * 9 . 3 2
GR 6 2 . 7 0 * 8 . 7 0 8 9 . 1 4 * 9 . 4 8
AS 7 0 . 4 0 * 9 . 2 1 6 7 . 1 2 * 1 0 . 0 8
EP 9 1 . 4 3 * 9 . 5 8 8 9 . 2 8 * 8 . 8 8
GP 7 9 . 8 2 * 9 . 4 8 8 2 . 1 4 * 7 . 4 1
•
n = 10 7 9 . 1 2 * 1 1 . 9 0
:
7 5 . 8 2 * 8 . 3 3
age be tw een  4 and l 6
■ j-'k.
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T a b le  23» (C o n t in u ed )  
DUCHENNE MUSCULAR DYSTROPHY
P a t i e n t  I n i t i a l s  *
CAERULOPLASMIN (MEAN ± ( I . U . / C tto? )  S.D .  )
R a d ia l
I m m u n o d i f fu s io n R ocketI m m u n o e l e c t r o p h o r e s i s
DC 9 1 . 5 2 * 8 . 8 0 8 9 . 1 6 * 9 . 3 2
80 9 3 . 4 4 * 8 . 8 4 9 8 . 1 2 * 8 . 3 2
JT 9 7 . 2 8 * 9 . 2 4 9 8 . 1 2 *1 0 . 0 4
DT 9 3 . 4 4 * 8 . 8 2 8 4 . 1 2 * 9 . 4 1
NRJ 8 6 . 40* 8 . 4 2 8 2 . 2 6 * 9 . 3 6
MF 1 1 8 . 5 0 * 8 . 9 6 1 1 0 . 62* 8 . 4 1
JM 9 7 . 2 8 * 8 . 8 5 1 0 2 . 0 2 * 9 . 2 3
DR 1 1 8 . 50*1 1 . 4 0 1 1 4 . 60*1 0 . 1 4
PM 1 1 0 . 40*9 . 3 6 1 0 4 . 4 1 * 8 . 1 3
n = 9 1 0 0 . 7 5 * 1 1 . 9 7 9 8 . 1 6 * 1 1 . 2 4
 ^ age  be tw een  3 and l 6
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c  90z :1/1c^ 8 0
e
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7 0
6 0
CLO__J=)cd
4 0
20
10
0
NORMALADULTS DMD ■ ■
■
NORMALCHILDREN
#
##
#  e
#  % #
■  ■  
m ^  m
m
0
0
00rr n6
#  e  #  # 0
#  e  e#  # 00
#
75.37 + 13.49n = 2 2 100.75 + 11.97n = 9 79 12 + 11 90 n = 10
P < 0 - 0 0 1 P < 0 ’0 0 2
F ig u re  5 8 . D i s t r i b u t i o n  o f  c a e ru lo p la s m in  in  p lasm a  o f  p a t i e n t s  
w ith  DMD ( ■ )  and c o n t r o l s  (•,0 ) m easu red  by r a d i a l  
im m u n o d iffu ss  io n .  Each p o i n t  r e p r e s e n t s  th e  mean o f  
t r i p l i c a t e  a s s a y s  on an i n d iv i d u a l  p a t i e n t  o r  c o n t r o l
120 
110 
100 
90 
El 80
c5100c
L  7 0
"E 
2  60
s :00c
- JCLo
___IZDor
50
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20
10
0
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NORMAL DMD NORMAL JADULTS ■■ CHILDREN
■■■ ■
#  #  #  # ■ o  o ■ ;
•  : j;e ■ ■ o 1e • o% • o% e o  o -,# oe o  o
-
1# ,1
j
- 'i
1
7 9 ^ 9 ±  6 . 9 6 9 8 ' 1 6 ±  1 1 . 2 4 75  82+ 8 33 :n = 2 2 n = 9 n = 10
p c O O O l PcO'OOl
F ig u re  59* D i s t r i b u t i o n  o f  c a e r u lo p la s m in  in  p la sm a  o f  p a t i e n t s  
w ith  DMD ( ■  ) and  c o n t r o l s  (# /0) m easu red  by r o c k e t  
im m u n o e le c tr o p h o re s is .  Each p o in t  r e p r e s e n t s  th e  
mean o f  t r i p l i c a t e  a s s a y s  on an i n d i v i d u a l  p a t i e n t  
o r  c o n t r o l .
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Ta b l e  24a.  C o r r e l a t i o n  c o e f f i c e n t s  b e t w ee n  c a e r u l o p l a s m i n
( r a d i a l )  and o t h e r  v a r i a b l e s .
PlasmaSamples
I n d i c e s
Compared C o r r e l a t i o nC o e f f i c i e n t s
(r )
P r o b a b i l i t y
(P)
NORMAL 
CONTROL 
(n = 11)
CpRa + TfRc 
CpRa + TfRa 
CpRa + FP 
CpRa + MDA - 
CpRa + CD 
CpRa + AOA 
CpRa + CpRc
- 0 . 0 3 4
- 0 . 0 3 4
0 . 3 5 9
- 0 . 4 2 1
- 0 . 3 8 3
- 0 . 2 3 2
- 0 . 3 6 6
NS
NS
NS
NS
NS
NS
NS
CpRa + TfRc - 0 . 3 4 8 NS
CpRa + TfRa - 0 . 3 5 9 NS
CpRa + FP 0 , 5 4 6 NSDUCHENNE
(n = 6) CpRa + MDA - 0 . 8 5 8 P<0 .05*
CpRa + CD - 0 . 3 3 8 NS
CpRa + AOA 0 . 7 3 8 P < 0 .05*
CpRa + CpRc 0 . 8 8 5 P<0 .01*
CpRa = C a e r u lo p la s m in  ( R a d i a l ) ,  CpRc = C a e r u lo p la s m in  
( R o c k e t ) ,  TfRa = T r a n s f e r r i n  ( R a d i a l ) ,  TfRc = T r a n s f e r r i n  
( R o c k e t ) ,  CD = C o n ju g a ted  d i e n e ,  MDA = M a lo n d i a l d e h y d e ,
FP = F l u o r e s c e n t  p ig m e n t ,  AOA = A n t i o x i d a n t  a c t i v i t y ,
NS = Not s i g n i f i c a n t ,  * = s i g n i f i c a n t  c o r r e l a t i o n  w i t h  
c a e r u l o p l a s m i n  ( R a d i a l )  c o n c e n t r a t i o n .
-  192 -
T a b l e  24b.  C o r r e l a t i o n  c o e f f i c i e n t s  be twe en  c a e r u l o p l a s m i n( r o c k e t )  and o t h e r  v a r i a b l e s .
PlasmaSamples IndicesCompared Correlation Coefficients . , . . (,r.). Probability(P)
NORMAL CONTROL (n = 11)
CpRc + TfRc 
CpRc + TfRa 
CpRc + FP 
CpRc + MDA 
CpRc + CD 
CpRc + AOA 
CpRc + CpRa
0 . 2 8 1
0 . 5 4 7
- 0 . 5 4 1
0 . 4 2 1
0 . 0 4 2
- 0 . 1 2 5
- 0 . 3 6 6
NS
NS
NS
NS
NS
NS
NS
CpRc + TfRc 0 . 3 2 2 NS
CpRc + TfRa - 0 . 5 3 7 NS
CpRc + FP 0 . 7 2 6 P<0.05*DUCHENNE(n = 6 ) CpRc + MDA 0 . 8 6 8 P<0.01*
CpRc + CD - 0 . 3 9 7 NS
CpRc + AOA 0 . 7 1 1 P<0.05*
CpRc + CpRa 0 . 8 8 5  " P<0.01*
CpRa = C a e r u lo p la s m in  ( R a d i a l ) ,  CpRc * C a e r u lo p la s m in  
( R o c k e t ) ,  TfRa = T r a n s f e r r i n  ( R a d i a l ) ,  TfRc = T r a n s f e r r i n  ( R o c k e t ) ,  CD = C o n ju g a te d  d i e n e ,  MDA = M a l o n d i a l d e h y d e ,
FP = F l u o r e s c e n t  p i g m e n t ,  AOA = A n t i o x i d a n t  a c t i v i t y ,
NS = Not s i g n i f i c a n t ,  * = s i g n i f i c a n t  c o r r e l a t i o n  w i t h  
c a e r u l o p l a s m i n  ( r o c k e t )  c o n c e n t r a t i o n .
LA 1
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The e f f e c t  o f  age on c a e ru lo p la s m in  c o n te n t  was a l s o  
i n v e s t i g a t e d ,  and th e  r e s u l t  i s  shown in  T ab le  2 5 . B oth  m ethod gave 
no s i g n i f i c a n t  d i f f e r e n t  be tw een  th e  c a e ru lo p la s m in  c o n te n t  in  p lasm a 
from  a d u l t s  and c h i l d r e n  ( r a d i a l  = P>0.05 and ro c k e t= P > 0 ,0 5 ) .
The e f f e c t s  o f  s to r a g e  (-2 0 °C ) on c a e ru lo p la s m in  c o n te n t  a r e  
shown in  F i g s .  60-61 and T a b le  2 6 . C le a r ly  from  th e s e  g ra p h s ,  tim e  
o f  s to r a g e  d id  n o t  in f lu e n c e  th e  l e v e l  o f  c a e ru lo p la s m in  in  e i t h e r  DMD 
o r  norm al c o n t r o l  p la sm a , m easu red  by b o th  r a d i a l  im m u n o d iffu s io n  
( F ig .  60) and r o c k e t  im m u n o e le c tro p h o re s is  ( F ig .  6 1 ) .  The s m a l l  
f l u c t u a t i o n s  i n  c o n te n t  o f  c e a ru lo p la s m in  w ith  tim e  a r e  p ro b a b ly  due 
to  th e  h e te r o g e n e i ty  and s m a ll  number o f  th e  sam ples u s e d .
— 1 9 4  —
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Figure 60. Caeruloplasmin concentration in plasma af ter  
various times of storage at -20^0 measured by 
radia l  immunodiffusion. Each point represents  
the mean for  each group of subjects  and assay  
were carried opt in dupl icate  est imations .  
a  r c o n t r o l ; »  »  , DMD,
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F ig u re  6 l , C a e ru lo p la s m in  c o n c e n t r a t io n  in  p la sm a  a f t e r  
v a r io u s  t im e s  o f  s to r a g e  a t  -20°C  m easu red  by 
r o c k e t  im m u n o e le c tro p h o re s is .  Each p o in t  
r e p r e s e n t s  th e  mean f o r  each  g ro u p  o f  s u b j e c t s  
and a s s a y  w ere  c a r r i e d  o u t in  d u p l i c a t e  
e s t i m a t i o n s ,  m ^  , c o n t r o l ;  g  #  , DMD,
— 1 98 —
3 .2 .2 .4  PLASMA TRANSFERRIN CONCENIl^ATJOji
In  c o n t r a s t  to  c a e ru lo p la s m in  th e  c o n c e n t r a t io n  o f  t r a n s f e r r i n  
i n  DMD p lasm a was n o t s i g n i f i c a n t l y  d i f f e r e n t  from age-m atched  norm al 
c o n t r o l s  (T a b le  27) a s  m easured by r a d i a l  im m unod iffusion  
(1 7 6 .8 9 ± 5 8 .8 0  I .U /m l p lasm a, P>0.05) (F ig . 62) and ro c k e t  
im m u n o e le c tro p h o re s is  (1 7 1 •33±53-36 I .U /m l p lasm a, P>0.05) (F ig .
6 3 ) .  Normal c o n t r o l  (ag e -m a tch ed ) c o n ta in e d  156 .00+ 75.64  I.U /m l 
p lasm a by r a d i a l  im m u n o d iffu sio n  and 158 .00+ 72.79  I .U /m l p lasm a by 
r o c k e t  im m u n o e le c tro p h o re s is .
A gain, p o s s ib le  c o r r e l a t i o n  o f  plasm a t r a n s f e r r i n  a g a in s t  
s e v e r a l  o th e r  v a r i a b le s  ( a s  l i s t e d )  was t e s t e d .  The r e s u l t s  a r e  shown I
i n  T ab le  28a and 28b. As e x p e c te d  th e  c o r r e l a t i o n  betw een  t r a n s f e r r i n  
m easured by r a d i a l  im m u n o d iffu sio n  and r o c k e t  im m u n o e le c tro p h o re s is  
was s i g n i f i c a n t  i n  b o th  DMD and norm al c o n tr o l  sam p les. T h is  d i f f e r e d  
from  th e  f in d in g  f o r  c a e ru lo p la s m in  w here th e r e  was no c o r r e l a t i o n  
betw een  r a d i a l  and r o c k e t  im m u n o e le c tro p h o re s is  f o r  c o n t r o l .  However, 
t h e r e  was no s i g n i f i c a n t  c o r r e l a t i o n  betw een t r a n s f e r r i n  c o n c e n t r a t io n  
(by e i t h e r  r a d i a l  o r  ro c k e t )  and th e  l i s t e d  v a r i a b le s  f o r  b o th  DMD and 
c o n t r o l  sam p les.
As f o r  c a e ru lo p la s m in , th e  e f f e c t  o f age on t r a n s f e r r i n  
c o n c e n t r a t io n  was s tu d ie d  a s  shown in  T able 29 . N e ith e r  r a d i a l  
im m u n o d iffu sio n  no r r o c k e t  im m u n o e le c tro p h o re s is  showed a s i g n i f i c a n t  
d i f f e r e n c e  (P > 0 .05 ) be tw een  a d u l t s  and c h i ld r e n .
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T a b le  27 .  Plasma t r a n s f e r r i n  c o n t e n t  i n  DMD and normal c o n t r o l  
sam ples  from a d u l t s  and c h i l d r e n ,
NORMAL CONTROLS (ADULTS)
P a t i e n t
I n i t i a l s *
TRANSFERRIN (MEAN ± f[ l .ü . /L ÏT ^ a s )  W Î  3 ,D . )
R a d ia lI m m u n o d i f fu s io n
Ro c k e t  
Im m u n o e le c tr o p h o r e s i  s
MSL 1 4 2 , 2 ± 9 . 6 1 3 4 . 8 + 1 1 , 4
MB 1 2 3 , 8 ± 8 , 4 1 0 9 . 2 ± 9 . 6
DK 2 0 9 . 4 ± 1 0 , 4 1 8 2 , 4 * 1 5 . 6
AI 1 8 2 . 6 ± 1 0 , 1 1 9 2 , 6 +1 6 , 4
PR 2 7 2 , 5 * 1 1 . 2 2 0 8 . 2 + 1 7 . 8
AT 1 2 1 , 5 * 8 . 1 1 2 2 . 0 ± 1 0 . 4
MISH 9 9 . 9 * 7 , 4 1 0 0 . 0 + 8 , 5
JBM 8 6 , 1 ± 7 , 0 8 0 . 4 * 6 . 9
PN 1 5 4 . 2 + 1 0 , 2 1 0 6 , 8 +1 2 , 4
DL 1 4 7 . 8 + 1 1 , 2 1 4 0 , 4*1 6 , 2
AG 2 7 4 . 6 * 1 0 , 4 2 4 8 , 3 ± 8 , 2
LC 2 0 4 . 2 ± 8 . 6 2 0 9 . 6 ± 1 1 , 2
DS 9 6 , 2 * 9 . 2 1 0 0 , 4* 9 . 4
JQ 1 8 4 . 8 ± 8 , 0 1 4 9 . 6 ± 1 2 , 8
SJ 2 7 2 . 6 * 9 . 1 1 8 5 . 6 + 1 6 , 0
MLl 2 0 8 , 4 * 1 0 . 1 1 9 3 . 4 *1 2 . 3
ML2 1 3 3 . 6 + 1 1 . 1 1 4 8 , 2 ± 8 , 4
JDB 1 5 0 , 4 * 9 . 4 1 5 2 , 6 +1 1 . 4
BON 1 2 1 , 4 * 9 . 0 1 1 9 . 8 ± 1 3 . 1
AL 1 4 9 . 4 * 9 . 1 1 2 2 , 1 +1 0 , 4
JA 1 8 2 , 6 + 1 0 . 1 1 4 5 . 9*1 2 , 3
JM 2 4 2 . 8 ± 9 . 4 2 0 9 . 7 + 1 8 , 0
n = 22 1 7 1 . 2  ± 5 7 , 4 1 5 2 . 8  ± 4 4 . 9
ag e  be tw een  18 and 35
-200-
:
T ab le  2 7 .  (C o n t in u ed )
<
NORMAL CONTROLS (CHILDREN)
TRANSFERRIN 
(MEAN ± ( I . U . / L Î S R S )S . D . ) ■-S
P a t i e n tI n i t i a l s * R a d ia l
Im m u n o d i f fu s io n
R o ck e t  
I m m u n o e l e c t r o p h o r e s i  s "J
PA 8 7 . 6 + 7 . 0 9 6 . 4 * 8 . 2
A 1 2 1 . 8 + 8 . 4 1 1 0 . 7 * 9 . 6
LH 8 7 . 4 * 7 . 7 9 2 . 3 * 7 . 7
MG 1 2 1 . 3 * 1 0 . 4 1 4 6 . 8 + 1 2 . 3 1
HT 2 7 8 . 6 + 2 0 . 3 2 8 5 . 3 * 2 4 . 4 4
FF 2 6 3 . 7 * 2 6 . 4 2 7 6 . 4 * 2 3 . 2 1
GR 2 1 3 . 5 * 1 6 . 2 1 8 3 . 6 + 1 5 . 8
AE 1 4 7 . 2 + 1 6 . 4 1 7 1 . 7 + 1 4 . 8
EP 9 8 . 5 ± 8 . 4 8 5 . 6 + 7 . 2
GR 1 2 0 . 4 * 1 0 . 6 1 3 1 . 2 + 1 1 . 3
Ï
4
n = 10 1 5 6 . 0  ± 7 5 .  6 1 5 8 . 0 ± 7 2 . 7
age between  4- and l 6
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T a b le  2 7 .  (C o n t in u ed )  
DUCHENNE MUSCULAR DISTROPHY
TRANSFERRIN
(MEAN ± f( I . Ü . / Ï Î 5 K S )  3 . D . )  \
P a t i e n t  
I n i  t i  alp,* R a d i a l
I m m u n o d i f fu s io n R ocket  I m m u n e e le c t r o p h o r e s i  s
DC 2 8 3 . 2 + 1 8 . 6 2 4 0 . 3 * 2 0 . 4
SD 1 5 7 . 4 + 9 . 8 1 5 0 . 6 ± 1 2 . S
JT 2 2 3 . 4 * 1 8 . 4 2 4 5 . 7+2 0 . 6
DT 1 4 7 . 1 +1 4 . 1 1 4 2 . 4*1 2 . 0
NRJ 2 2 0 . 6 +1 6 . 4 2 0 9 . 7 + 1 8 . 0
ME 9 6 . 0 +9 . 4 8 5 . 4 * 7 . 2
JM 1 8 0 . 8 + 2 0 . 4 1 8 5 . 3 * 1 6 . 1
DR 1 0 9 . 9 *1 3 . 4 1 2 4 . 6 +1 0 . 6
PM 1 7 3 . 6 +2 4 . 1 1 5 8 . 0 ± 2 7 . 6
n = 9 1 7 6 . 8  + 5 8 . 8 1 7 1 . 3 * 5 3 . 3
age between  3 and l 6
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■
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e
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# o
e # # ■
■
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:  .  : ■ o
e
•  •  • ■
o  o  o
e •  # ■ o  0  0
171 .22  + 5 7 .4 7  n = 2 2 176 .89+  5 8 . 8 0  n = 9 156 .00  + 7 5 . 6 4  n = 10
P >  0 '05 P>0'05
F ig u re  6 2 , D i s t r i b u t i o n  o f  t r a n s f e r r i n  in  p la sm a  o f  p a t i e n t s  
w i th  DMD’ ( ■  ) and  c o n t r o l s  (•iO) m ea su red  by r a d i a l  
im m u n o d if fu s io n , Each p o i n t  r e p r e s e n t s  th e  mean o f  
t r i p l i c a t e  a s s a y s  on an  i n d iv i d u a l  p a t i e n t  o r  c o n tr o l*
-  203
3 0 0
275
2 5 0
2 2 5
<
§ 2 0 0<c
CL
175
150
125o zSu_00
< 1 0 0CL
7 5
50
25
NORMALADULTS
e # e
•  %#
2# e
1 52 .82  ± 4 4 . 9 8  n = 2 2
DMD
■■■
171.33 ± 5 3 . 3 6n = 9
NORMAL CHILDREN o  o
o
o
o
o
o
o  o  
o
158.00  + 7 2 .7 9  n = 1 0
P > 0 0 5 P > 0 ’05
F ig u re  6 3 . D i s t r i b u t i o n  o f  t r a n s f e r r i n  in  p lasm a  o f  p a t i e n t s  
w ith  DMD ( ■>;) and  c o n t r o l s  (•iO) m easu red  by r o c k e t  
im m u n o e le c tro p h o re s is .  Each p o in t  r e p r e s e n t s  th e  
mean o f  t r i p l i c a t e  a s s a y s  on an  i n d iv i d u a l  p a t i e n t  
o r  c o n t r o l .
-  2 0 4  -
Ta b l e  28a,  C o r r e l a t i o n  c o e f f i c i e n t s  be t we en  t r a n s f e r r i n( r a d i a l )  and  o t h e r  v a r i a b l e s .
Plasma
Samples
I n d i c e s
Compared
C o r r e l a t i o n
C o e f f i c i e n t s
( r )
P r o b a b i l i t y
(P)
TfRa + CpRc - 0 . 5 4 7 NS
TfRa + CpRa - 0 . 0 5 4 NS
NORMAL TfRa + FP - 0 . 1 3 9 NS
CONTROL
(n = 11) TfRa + MDA - 0 . 2 0 3 NS
TfRa + CD - 0 . 2 2 1 NS
TfRa + AOA 0 . 1 9 5 NS
TfRa + TfRc 0 . 5 9 5 P< 0 .0 5 *
TfRa + CpRc - 0 . 5 3 7 NS
TfRa + CpRa - 0 . 3 5 9 NS
TfRa + FP - 0 . 6 5 4 NSDUCHENNE
(n = 6 ) TfRa + MDA - 0 . 6 1 9 NS
TfRa + CD 0 . 1 6 1 NS
TfRa + AOA 0 . 5 3 9 NS
TfRa + TfRc 0 . 9 5 1 P< 0 .001*
4
TfRa = T r a n s f e r r i n  ( R a d i a l ) ,  TfRc = T r a n s f e r r i n  ( R o c k e t ) ,  
CpRa = C a e r u lo p la s m in  ( R a d i a l ) , CpRc = C a e r u l o p l a s m i n  
( R o c k e t ) ,  CD = C o n ju g a te d  d i e n e ,  MDA = M a l o n d i a l d e h y d e ,
FP = F l u o r e s c e n t  p i g m e n t ,  AOA = A n t i o x i d a n t  a c t i v i t y ,
NS = Not s i g n i f i c a n t ,  * = S i g n i f i c a n t  c o r r e l a t i o n  w i t h  
t r a n s f e r r i n  ( r a d i a l )  c o n c e n t r a t i o n .
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T a bl e  28b. C o r r e l a t i o n  c o e f f i c i e n t  b e t we en  t r a n s f e r r i n( r o c k e t )  and o t h e r  v a r i a b l e s .
Plasma
Samples
I n d i c e sCompared C o r r e l a t i o nC o e f f i c i e n t s( r )
P r o b a b i l i t y
(P)
TfRc = CpRc 0 . 2 8 1 NS
TfRc + CpRa - 0 . 0 3 4 NS
NORMAL TfRc + PP - 0 . 2 5 1 NSCONTROL (n = 1 1 ) TfRc + MDA - 0 . 0 9 6 NS
TfRc + CD - 0 . 1 9 4 NS
TfRc + AOA - 0 . 6 6 9 NS
TfRc + TfRa 0 . 5 9 5 P<0 .05*
TfRc + CpRc 0 . 3 2 2 NS
TfRc + CpRa - 0 . 3 4 8 NS
DUCHENNE TfRc + PP - 0 . 7 1 4 NS
(n = 6 ) TfRc + MDA - 0 . 5 9 1 NS
TfRc + CD 0 . 1 2 1 NS
TfRc + AOA 0 . 3 6 3 NS
TfRc + TfRa 0 . 9 5 1 P<0 .001*
TfRa = T r a n s f e r r i n  ( R a d i a l ) ,  TfRc = T r a n s f e r r i n  ( R o c k e t ) ,  
CpRa = C a e r u l o p l a s m i n  ( R a d i a l ) ,  CpRc = C a e r u lo p la s m in  
( R o c k e t ) ,  CD = C o n ju g a te d  d i e n e ,  MDA = M a lo n d i a ld e h y d e ,
FP = F l u o r e s c e n t  p i g m e n t ,  AOA = A n t i o x i d a n t  a c t i v i t y ,
NS = Not s i g n f i c a n t ,  * = S i g n i f i c a n t  c o r r e l a t i o n  w i t h  
t r a n s f e r r i n  ( r o c k e t )  c o n c e n t r a t i o n .
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L a s t l y ,  th e  e f f e c t  o f  s to r a g e  (-2 0 °C ) was a l s o  i n v e s t i g a t e d .  
R e s u l ts  i s  shown in  T ab le  30 and F i g s .  6 4 -6 5 . C le a r ly  from  th e s e  
g r a p h s ,  th e  c o n c e n t r a t io n  o f  t r a n s f e r r i n  was n o t  a l t e r e d  by s to r a g e  as 
o b se rv e d  f o r  c a e ru lo p la s m in . B oth r a d i a l  im m u n o d iffu s io n  ( F ig .  64) 
and r o c k e t  im m u n o e le c tro p h o re s is  ( F ig .  65) w ere  u sed  and th e  r e a s o n s  
f o r  th e  c o n s id e r a b le  f l u c t u a t i o n s  s e e n  w ith  s to r a g e  tim e  a r e  p ro b a b ly  
th e  same as th o s e  s u g g e s te d  e a r l i e r  f o r  c a e r u lo p la s m in .
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F ig u re  64* T r a n s f e r r i n  c o n c e n t r a t io n  in  p la sm a  a f t e r  
v a r io u s  tim e s  o f  s to r a g e  a t  -20°C  m easu red  
by r a d i a l  im m u n o d if fu s io n . Each p o in t  
r e p r e s e n t s  th e  mean f o r  each  g ro u p  o f  s u b j e c t s  
and a s s a y  w ere c a r r i e d  o u t in  d u p l i c a t e  
e s t i m a t i o n s . # — # ,  c o n t r o l ;  m DMD.
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F ig u re  6 5 . T r a n s f e r r i n  c o n c e n t r a t io n  in  p lasm a  a f t e r  
v a r io u s  t im e s  o f  s to r a g e  a t  -2 0 °C  m easu red  
by r o c k e t  im m u n o e le c tr o p h o re s is . Each p o i n t  
r e p r e s e n t s  t h e  mean f o r  each  g ro u p  o f  s u b j e c t s  
and a s s a y  w ere c a r r i e d  o u t  in  d u p l i c a t e  
e s t i m a t i o n s .  #  # ,  c o n t r o l ;  g ------g  , DMD.
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4 PISgUS S IOM 
LIPID_JEROXIDATION IN CULTURED SKIN FIBROBLASTS
The a e t io lo g y  o f JMD rem ain s  unknown a t  t h i s  s t a g e ,  A
num ber o f  t h e o r i e s  w hich have been  p ro m in en t in  th e  l a s t  d ecade  
in c lu d in g  th e  n e u ro g e n ic  and th e  v a s c u la r  t h o e r i e s ,  a p p e a r  
u n l ik e ly  to  be t r u e  (B ra d le y  a l . ,1 9 7 5 ) . .A s e a r c h  c o n tin u e s  
f o r  th e  u n d e r ly in g  b io c h e m ic a l  d e f e c t ,  and i n  r e c e n t  y e a r s  
membrane a b n o r m a l i t i e s  (Membrane th e o ry )  b o th  in  s k e l e t a l  m usc le  
and in  . o th e r  c e l l s  such  as  th e  RBC, lym p h o cy te , p i a l e t e t  have 
been  r e p o r te d  ( s e e  Rowland, 1 9 8 0 ).
In  a d d i t i o n  CSFs have a l s o  been  used  by a  few l a b o r a t o r i e s  
a s  model sy s te m s  in  th e  s e a rc h  f o r  a  membrane d e f e c t ,
s p e c i f i c a l l y  a s s o c i a te d  w ith  membrane l i p i d s .  CSFs from  DMD 
p a t i e n t s  w ere c h a r a c te r i z e d  by h i s t o l o g i c a l  and m o rp h o lo g ic a l  
te c h n iq u e s  (W yatt and Cox, 1 9 7 7 ). These s tu d i e s  r e v e a le d  
in c r e a s e d  num bers o f l i p i d  s to r a g e  b o d ie s  and ly so so m a l b o d ie s  in
DMD CSF l i n e s .  They a ls o  found  th e  c o n s i s t e n t  a p p e a ra n c e  o f  a
s p e c i f i c  abnorm al c y to p la s m ic  body, which a p p e a re d  in  DMD and n o t  
i n  any no rm al c e l l s  o r  th o s e  from  o th e r  g e n e t i c  d i s e a s e s .  
However, t h i s  h a s  s in c e  been  r e f u te d  by o t h e r  w o rk ers  (R oses e t  
SJL«>1980 and Row land, 1980) whose s tu d i e s  on CSF m orphology have 
been  u n a b le  to  d i f f e r e n t i a t e  DMD and norm al c o n t r o l  CSFs u s in g  
p h a s e - c o n t r a s t  l i g h t  m ic ro sc o p y , h is to c h e m ic a l  s t a i n s ,  and 
t r a n s m is s io n  e l e c t r o n  m ic ro sc o p y . In  c o n t r a s t ,  th e y  have  found
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in c lu s io n s  s im i la r  to  th o s e  r e p o r te d  by W yatt and Cox (1977) in  
b o th  norm al c o n t r o l  and d y s tr o p h ic  c e l l  l i n e s .  C u lle n  and P a rso n  
(1977) a l s o  r e p o r te d  no m o rp h o lo g ic a l d i f f e r e n c e s  u s in g  e l e c t r o n  
m icro scopy .
O ther e x p e rim e n ts  co u ld  be c a l l e d  b io c h e m ic a l ones. W ith 
th e  developm ent o f  l i p i d  a n a l y t i c a l  te c h n iq u e s  -  t h i n  l a y e r  
chrom atography and g a s - l i q u i d  chrom atography  -  th e  f i r s t  r e l i a b l e  
r e s u l t s  c o n c e rn in g  l i p i d  c o m p o s itio n  in  CSFs from  DMD l i n e s  w ere 
p u b lis h e d . One o f th e  f i r s t  s tu d i e s  o f  p h o s p h o lip id s  and f a t t y  
a c id  c o m p o s itio n  was done by K o h ls c h u tte r  ^  &L (1 9 7 6 ) , who found 
no a b n o rm a lity  i n  th e  c o m p o s itio n  o f  p h o s p h o lip id s  and f a t t y  
a c id s  i n  e i t h e r  young o r  o ld  c u l t u r e s  o f  d y s tr o p h ic  CSFs. 
However, th e r e  a r e  some l i m i t a t i o n s  to  K o h l s c h u t t e r 's  work in  
t h a t  s e p a r a t io n  o f  p h o s p h o lip id  c la s s e s  P I and PS was n o t 
a c h ie v e d  and so  th e s e  w ere c o n s id e re d  to g e th e r .  T h is  does n o t 
g iv e  any in fo rm a t io n  a b o u t each  as  an  in d iv id u a l  p h o s p h o lip id . 
More im p o r ta n t ly ,  p la sm a lo g e n s  w ere n o t i n v e s t ig a t e d  w hich a re  
found in  a lm o st e v e ry  t i s s u e  i n  th e  body and a r e  e s p e c i a l l y  
abundan t i n  th e  more e x c i t a b l e  t i s s u e s  l i k e  m uscle  and b r a in .  
T h is  f r a c t i o n  may be a s  much as 1255 o f  t o t a l  p h o s p h o lip id  
f r a c t i o n .  R egard ing  f a t t y  a c id  c l a s s e s ,  o n ly  se v en  w ere 
i d e n t i f i e d  w ith  a p o s s ib le  6-8% o f  f a t t y  a c id s  (m in o r com ponents) 
u n id e n t i f i e d .  In  th e  o th e r  l i p i d  s tu d y  Kunze and S p e r l in g  ( s e e  
Kunze, 1977), based  on o n ly  th r e e  c a s e s , found t h a t  o n ly  th e  
c h o lin e  p lasm a lo g en s  -  m easured a s  a r e d u c t io n  i n  d im e th y la c e ta l  
-  were d im in ish e d . A ll o th e r  c l a s s e s  showed no a b n o r m a l i t i e s .
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However, in  t h i s  i n v e s t i g a t io n ,  CSFs w ere chosen  as  a 
m odel sy s tem  to  i n v e s t i g a t e  th e  p o s s i b i l i t y  t h a t  p a th o lo g ic a l  
a l t e r a t i o n s  in  membrane i n t e g r i t y  co u ld  be ca u se d  by f r e e  r a d i c a l  
l i p i d  p e r o x id a t io n .  I t  was found  t h a t  in  b o th  no rm al and DMD CSF 
c u l t u r e s  l i p i d  p e r o x id a t io n  in c re a s e d  p r o g r e s s iv e ly  as  in c u b a t io n  
tim e s  in c r e a s e d  ( F ig s .  21 -24  and T ab les  6 - 7 ) .  T h is  a g re e s  v e ry  
w e l l  w ith  th e  s tu d i e s  o f  l i p i d  p e ro x id a t io n  in  CSFs from  norm al 
c e l l  l i n e s  c a r r i e d  o u t  by Gavino ^  a l  (1981) who a l s o  showed 
t h a t  MDA p r o d u c t io n  was tim e -d e p e n d e n t and t h a t  a d d i t io n  o f  PUFA 
to  e x p e r im e n ta l  medium produced  a s i g n i f i c a n t  in c r e a s e ,  in  l i p i d  
p e r o x id a t io n :  MDA was in c r e a s e d  s i g n i f i c a n t l y  in  th e  p re s e n c e  o f
8 .1 1 .1 4 - e i c o s a t r i e n o i c  a c id ,  5 ,8 ,1 1 ,1 4 - e i c o s a t e t r a e n o i c  a c id ,  and 
7 ,1 0 ,1 3 ,1 6 - d o c o s a te t r a e n o ic  a c id .  The p r e s e n t  s tu d i e s  s u p p o r t  
th e s e  f in d in g s  ( F ig s ,  23 -24  and T ab le  7 ) .  I t  was found t h a t
5 .8 .1 1 .1 4 - e i c o s a t e t r a e n o i c  a c id  ( a r a c h id o n a te )  g e n e ra te d  
s i g n i f i c a n t l y  in c r e a s e d  MDA i n  a t im e -d e p e n d e n t m anner when added 
to  c u l t u r e s  o f  CSFs, Com paring norm al and IMD l i n e s  ( F ig s .  
21 -24  and T a b le s  6 - 7 ) ,  o u r r e s u l t s  c e r t a i n l y  shown t h a t  MDA 
p r o d u c t io n  in  DMD CSFs ex ceed s t h a t  in  th e  norm al by a lm o s t 8 
tim e s  (d e p e n d in g  on c o n d i t i o n s ) .  The e v e n tu a l  d e c l in e  o f  MDA 
p ro d u c t io n  ( i . e .  72 h o u rs  up to  96 h o u rs  o f  in c u b a t io n )  may be 
due to  th e  la c k  o f  a d d i t io n a l  p e r o x id i s a b le  PUFA, to  th e  r e a c t i o n  
o f  th e  MDA w ith  amino g ro u p s  o f  amino a c id s ,  p r o t e i n s  and 
a m in o -p h o s p h o lip id s , to  th e  f u r t h e r  o x id a t iv e  d e c o m p o s itio n  o f  
MDA i t s e l f  and to  c o n d e n s a t io n  r e a c t i o n s  in  w hich MDA form s 
u n r e a c t iv e  p o ly m e rs .
A co m p ariso n  o f  unwashed ( F ig s .  21 and 23) w ith  washed
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d a ta  ( F ig s ,  22 and 24) r e v e a le d  a  marked d i f f e r e n c e  betw een  th e  
two v a lu e s .  The p o s s ib l e  c a u se  f o r  th e  d i f f e r e n c e  betw een  washed 4
and unwashed CSFs i s  d i f f i c u l t  to  e x p la in .  I t  i s  p o s s ib le  t h a t  
some e x t r a c e l l u l a r  a n t i o x id a n t  in  th e  medium o r  maybe a n t io x id a n t  
f a c t o r s ,  lo o s e ly  a t ta c h e d  to  CSF c e l l  m em branes, w ere rem oved 
to g e th e r  w ith  th e  medium d u r in g  th e  vrashing s ta g e  and r e n d e r  th e  
washed CSFs nx>re s u s c e p t ib l e  to  p e r o x id a t iv e  damage which i s  
u l t i m a t e l y  r e s p o n s ib le  f o r  th e  d i f f e r e n c e  be tw een  t h e i r  MDA d a ta  
and th o se  o f unwashed CSFs. An a l t e r n a t i v e  e x p la n a t io n  i s  t h a t  
th e  d e c re a s e  in  c o n c e n t r a t io n  o f  MDA i n  unwashed CSFs i s  due to  
th e  p re s e n c e  o f  c u l t u r e  medium, w hich m igh t in  some way i n t e r f e r e  
w ith  th e  r e a c t i o n  be tw een  TEA and MDA o r  MDA p r e c u r s o r s .
A s i g n i f i c a n t l y  g r e a t e r  amount o f  MDA was form ed when 
human CSFs from  b o th  p a t i e n t s  w i th  DMD and norm al w ere grown in  
e x p e r im e n ta l  medium w ith  PUFA ( F ig s ,  23 -24  and T a b le  7) com pared 
w ith  th o s e  grown w i th o u t  PUFA “( F ig s .  21 -22  and T a b le  6 ) .  The 
PUFA (2 0 :4 )  u se d  h e r e  c o u ld  be s o u rc e  o f  o x id a n t  s t r e s s  in  b o th  
DMD and c o n t r o l  CSFs, a l th o u g h  th e  e f f e c t  i s  m ore p ro m in e n t in  
DMD a s  shown by h ig h e r  T B A -re a c tiv e  m a te r i a l s  i n  DMD CSFs (T a b le  
7 and F i g s .  2 3 - 2 4 ) .  A cco rd in g  to  Gavino and c o -w o rk e rs  (1981) 
th e  o x id a n t  s t r e s s  o f  PUFA a r i s e s  th ro u g h  th e  a c t i o n  o f  
l ip o x y g e n a s e , c y c lo o x y g e n a se  o r  by o x id a t io n  by th e  m icrosom al 
NADPH o x id a t io n  sy s te m . As a  r e s u l t  o f  th e  fo rm e r two enzyme :
a c t i v i t i e s ,  CSFs t r e a t e d  w ith  PUFA s y n th e s iz e  l a r g e  am ounts o f  
p r o s ta g la n d in  m e ta b o l i te s  a s  w e l l  a s  MDA, t h e r e f o r e  a  com ponent 
o f  th e  l i p i d  p e r o x id a t io n  w hich o c c u rs  i n  CSFs i s  enzym ic. I t  
s h o u ld  be p o s s ib l e  to  e l im in a te  th e  c o n t r i b u t i o n  o f  p r o s ta n o id
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b io s y n th e s is  to  th e  o v e r a l l  y i e ld  o f  l i p i d  p e r o x id a t io n  p ro d u c ts  
by u s in g  cy c lo o x y g en ase  i n h i b i t s  such as  in d o m e th a c in  (G avino sic . 
â l . ,1 9 8 1 ) .
I n t e r e s t i n g l y ,  i n  th e  p re se n c e  o f  2 0 :4 , DMD b u t  n o t norm al 
CSF showed m ea su rab le  MDA a t  0 tim e  ( i n  washed CSFs, F ig . 2 4 ) , 
which em phasized th e  d i f f e r e n c e  betw een DMD and norm al CSFs.
C e l ls  t r e a t e d  w ith  th e  PUFA show la r g e  i n c r e a s e s  i n  th e  
number o f  l i p i d  d r o p le t s  (TG a c c u m u la tio n ) , ly so so m a l enzyme 
a c t i v i t y  ( M i l le r  e i .  a l . ,1980) and s y n th e s i s  o f  PGE  ^ and PGE^ 
(H u ttn e r  et. a l . , 1977 ; C ornw ell a t  â l .  ,1 9 7 9 ) . These PUFA 
m e ta b o l i te s  i n h i b i t  th e  e x te n t  o f  c e l l  p r o l i f e r a t i o n  (Bookman and 
R o th s c h ild , 1979). A lp h a - to c o p h e ro l (v ita m in  E) r e s t o r e s  c e l l  
p r o l i f e r a t i o n  even  though i t  h as  no e f f e c t  on TG a c c u m u la tio n , 
l i p i d  d r o p le t s ,  ly so so m al enzyme a c t i v i t y  ( M i l le r ,  1980) and 
p r o s ta g la n d in  b io s y n th e s is  (C o rn w ell a t  a t . ,1 9 7 9 ) . S ince  
a lp h a - to c o p h e ro l  i s  an  a n t io x id a n t ,  i t  co u ld  r e s t o r e  c e l l  
p r o l i f e r a t i o n  th ro u g h  th e  i n h i b i t i o n  o f  l i p i d  p e r o x id a t io n  
( Gavino a t  a l .  ,1 9 8 1 ) .
W ith re g a rd  to  c e l l s  t r e a t e d  w ith  TBH ( s e e  s e c t io n  
3 .1 .1 .5 ) ,  a v e ry  h ig h  c o n c e n t r a t io n  (30(^m ) n o t o n ly  in d u c e s  
l i p i d  p e ro x id a t io n  b u t m ost im p o r ta n t ly  le a d s  to  r a p id  c e l l  
damage as shown by d e tach m en t from  th e  su b s tra tu m  ( i n  b o th  DMD 
and norm al CSFs). A ttachm en t o f CSFs i s  a p ro c e s s  t h a t  depends 
on s e v e r a l  s u r f a c e - a s s o c i a t e d  p r o te in  o r o th e r  m o le c u le s , which 
may be d e n a tu re d  by th e  a c t i o n  o f  TBH d i r e c t l y  on th e  e f f e c t
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m ig h t be due to  k i l l i n g  o f  th e  c e l l s  and g e n e r a l i s e d  membrane 
d i s r u p t io n  ( i . e .  th e  a tta c h m e n t  p o in t s  a r e  l e f t  b e h in d ) .  
T h e re fo re  i t  w i l l  be o f  i n t e r e s t  to  s e e  w h e th e r DMD CSFs behave 
d i f f e r e n t l y  from  t h a t  o f  c o n t r o l  CSFs when t r e a t e d  w ith  th e  
c o n c e n t r a t io n s  o f  TBH (5Q/um) d e te rm in e d  i n  t h i s  work to  have no 
c y to to x ic  e f f e c t s  to  th e  CSFs ( s e e  s e c t io n  3 . 1 . 1 . 5 ) .
In  c o n c lu s io n  th e  r e s u l t s  a l b e i t  f o r  a  s m a ll  num ber. o f  
in d iv id u a l  c e l l  l i n e s ,  show t h a t ,  v h e th e r  in d u ce d  by added PUFA 
o r  endogenous, th e  amount o f  l i p i d  p e r o x id a t io n  o c c u r r in g  i n  IMD 
CSFs in  c u l t u r e  was s i g n i f i c a n t l y  and c o n s i s t e n t l y  g r e a t e r  th a n  
in  norm al c e l l s  a t  a l l  tim es  o f  in c u b a t io n .  I t  i s  c l e a r l y  o f  
g r e a t  im p o rta n c e  to  c o n firm  th e s e  f in d in g s  w ith  l a r g e r  num bers o f  
c e l l  l i n e s .  The re a s o n  f o r  t h i s  d i f f e r e n c e  betw een  IWD and 
norm al CSFs sh o u ld  a l s o  be f u r t h e r  i n v e s t i g a t e d .  I t  i s  u n l ik e ly  
to  be due to  d e c re a s e d  a c t i v i t y  o f  th e  r e c o g n is e d  a n t i o x id a n t  
enzym es, SOD, CAT, GSHPx o r  GSHR a s  th e s e  have a l l  b een  shown to  
be norm al (H u n te r  and Amin, 1984 ); However in c r e a s e d  l i p i d  
p e r o x id a t io n  m ig h t be due to  a  d e f ic ie n c y  in  some u n te s te d  
a n t io x id a n t  (v ita m in  E, GSH?) o r  to  in c r e a s e d  enzym ic o r  
non-enzym ic p ro d u c t io n  o f  f r e e  r a d i c a l s .
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To d e te rm in e  w h e th e r  th e  in c r e a s e d  l i p i d  p e r o x id a t io n  in  
DMD CSFs was a  p r o p e r ty  o f  m e m b ra n e s /o rg a n e lle s  a lo n e  o r 
d e p e n d e n t on s t im u la to r y  c y to s o l i c  f a c t o r s ,  th e  p a r t i c u l a t e  
f r a c t i o n  f o r  CSFs was p re p a re d  and in c u b a te d  w ith  NADPH ( th e  
enzym ic s y s te m ) . As e x p e c te d , NADPH s i g n i f i c a n t l y  s t im u la te d  
l i p i d  p e r o x id a t io n  in  b o th  DMD and norm al c o n t r o l  f r a c t i o n s  a s  
m o n ito re d  by b o th  MDA ( F ig .  25) and FP ( F ig .  2 6 ) .  A lthough  
l e v e l s  o f  FP w ere  somewhat g r e a t e r  in  th e  DMD f r a c t i o n  th a n  in  
th e  norm al c o n t r o l  (T a b le  8 and F ig ,  2 6 ) , t h e r e  was no d ra m a tic  
d i f f e r e n c e  a s  found f o r  w hole c u l t u r e s .  However th e s e  n e g a t iv e  
r e s u l t s  do n o t  e x c lu d e  th e  p o s s i b i l i t y  t h a t  l i p i d  p e r o x id a t io n  i s  
in c r e a s e d  i n  EMD w hole  CSFs, T here a r e  a t  l e a s t  th r e e  p o s s ib l e  
r e a s o n s  f o r  th e s e  n e g a t iv e  r e s u l t s .
The number o f  CSFs l i n e s  a v a i l a b l e  f o r  e x p e r im e n ta t io n  
w ere s m a ll  i n  b o th  DMD (n=1) and  norm al c o n t r o l  c e l l s  (n = 1 ) . The 
u se  o f  more CSF l i n e s  m ig h t show s i g n i f i c a n t  d i f f e r e n c e s .
S e c o n d ly , CSF membrane l i p i d  p e r o x id a t io n  may n o t  be 
e n t i r e l y  a  m em brane-dependen t p r o c e s s .  I t  i s  l i k e l y  t h a t  o th e r  
f a c t o r s  th a n  CSFs membrane com ponents co u ld  be in v o lv e d  su ch  as  
c y to p la s m ic  com ponents l i k e  F e * ^ , and re d u c in g  a g e n ts  su ch  a s  
a s c o r b a te .  I t  i s  known t h a t  r a t e s  o f  l i p i d  p e r o x id a t io n ,  in  
v i t r o  a r e  e x tre m e ly  low u n le s s  t r a n s i t i o n  m e ta l  io n s  a r e  p r e s e n t  
(F u jim o to  e t  a l . , 1 9 8 4 ), i r o n  b e in g  e s p e c i a l l y  e f f e c t i v e  i n  th e
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p re s e n c e  o f  a  r e d u c in g  a g e n t ,  e . g .  a s c o r b a te  (P ry o r ,  1 966 ). 
B oth th e  red u c e d  and o x id is e d  m e ta l  io n s  w ere  e f f e c t i v e  c a t a l y s t s  
( G u t te r id g e  â l - ,1 9 7 7 ) . The r e a c t i o n  betw een  0^° and to
g iv e  ^OH d o es  n o t  o c c u r u n le s s  t r a c e s  o f  i r o n  s a l t s  a r e  p r e s e n t  
i n  th e  sy stem  ((R ow ley and H a l l i w e l l ,  1 9 8 3 ). In  a d d i t io n ,  co p p e r 
can  c a u se  a u to x id a t iv e  r a n c i d i t y  in  d a ir y  p ro d u c ts  a s  w e l l  a s  in  
human t i s s u e s  (Rowley and H a l l i w e l l ,  1 9 8 3 ), and i r o n  c a ta ly z e s  
th e  d e c o m p o s itio n  o f h y d ro p e ro x id e s  a s  f o l lo w s .
Fe + ROOH ——————^ Fe ^ + RO + OH
 + ROOH - - - - - >  Fe’*'^  + R00° +
2 ROOH  > R0° + R00° + H O
L ip id  p e r o x id a t io n  i s  w e l l  known to  be c a ta ly z e d  by 
h aem o g lo b in , i r o n  p r o to p o r p h y r in ,  and i r o n  s a l t s .  As h a s  been  
p o in te d  o u t  by E r ik s s o n  ^  a l. (1971 ) th e  i r o n  p o rp h y r in  g ro u p s  o f  
h a e m o p ro te in s  a r e  a c t i v e  i n  b o th  enzym ic and i n  non-enzym ic l i p i d  
p e r o x id a t io n .  I t  a p p e a rs  t h a t  t h i s  ty p e  o f  c a t a l y s i s  i s  v e ry  
im p o r ta n t  in  p e r o x id a t io n  t h a t  o c c u rs  in  b i o lo g i c a l  s y s te m s . 
F u j i t a  (1972) h a s  s tu d ie d  th e  i n t e r r e l a t i o n s h i p s  betw een  l i p i d  
p e r o x id a t io n ,  l i p i d  c o m p o s itio n , and cy tochrom e o x id a s e  a c t i v i t y  
i n  r a t  l i v e r  m ito c h o n d r ia . M e ta l io n s  (F e ^ ^ , F e * ^ , and Cu*^)
have been  found  to  c a ta ly z e  l i p i d  p e ro x id a t io n  by in c r e a s in g  th e  
fo rm a tio n  o f  l i p i d  p e r o x id e s .  These io n s  a l s o  d e c re a s e  
cy tochrom e o x id a s e  a c t i v i t y  and th e  u n s a tu r a te d  f a t t y  a c id  
c o n te n t  o f  th e  m ito c h o n d r ia l  membrane. T o ta l  s u l f h y d r y l  c o n te n t  
o f  l i v e r  m icrosom es and o f  th e  s o lu b le  f r a c t i o n  a r e  a l s o  
d e c re a s e d  by f e r r o u s  i r o n  ( F u j i t a ,  1 9 7 4 ). In  a d d i t io n  W ills
. . J
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(1972) h a s  shown nonhaem i r o n  to  in c r e a s e  th e  fo rm a tio n  o f  l i p i d  
p e ro x id e s  i n  r a t  l i v e r  m icrosom es (14% i n c r e a s e ) .  T h is  r e s u l t s  
i n  a  p a r t i a l  d i s i n t e g r a t i o n  o f  SR membranes and l o s s  o f  v a r io u s  
m e m b ra n e -re la te d  f u n c t io n s  such  a s  o x id a t iv e  d é m é th y la t io n  (C h iv a  
and M ato, 1 9 8 4 ), W ills  p o s tu l a t e s  t h a t  a  s m a ll  p o r t i o n  o f  th e  
i n j e c t e d  i r o n  i s  c o n v e r te d  i n t o  an e l e c t r o n  t r a n s p o r t  com ponent 
w hich in c r e a s e s  th e  r a t e  o f  NADPH-induced l i p i d  p e r o x id a t io n .  
The s u b c e l l u l a r  d i s t r i b u t i o n  o f  m e ta l io n s  in c lu d e s  th e  c y to s o l  
( W it t in g  and S t e f f e n ,  1984) and  membrane f r a c t i o n  (B a rb e r  and 
B erheim , 1 9 6 7 ) , In  th e s e  e x p e r im e n ts  w ith  CSF p a r t i c u l a t e  
f r a c t i o n ,  th e  a b i l i t y  o f  th e s e  v a r io u s  m e ta l io n s  (F u jim o to  ej^ 
, 1984) and  a s c o r b a te  ( P r y o r ,  1966; V la d im iro  e i.  al_. ,1980) t o  
i n i t i a t e  and p ro p a g a te  f r e e - r a d ic a l - m e d ia te d  l i p i d  p e r o x id a t io n  
i n  CSFs membrane w i l l  be r e d u c e d , s in c e  a c o n s id e r a b le  am ount may 
be l o s t  d u r in g  c e n t r i f u g a t i o n  and  w ash ing  p r o c e d u r e s ,  .
A n o th e r p o s s ib le  e x p la n a t io n  f o r  th e s e  r e s u l t s  may be t h a t  
l i p i d  p e r o x id a t io n  p r o d u c ts  ( i f  a l r e a d y  fo rm ed) from  CSF 
membranes do n o t  rem a in  in  th e  membrane b u t may be r e l e a s e d  i n t o  
th e  c y to p la s m ic  f r a c t i o n .  Thus, as  a l r e a d y  m en tio n ed  above f o r  
i n i t i a t o r s ,  th e  p ro d u c ts  may a l s o  be l o s t  d u r in g  w ash ing  
p ro c e d u re s .  As a  r e s u l t  th e  t o t a l  amount o f  p e r o x id i s a b le  
m a t e r i a l  may be d e c re a s e d  d u r in g  p r e p a r a t i v e  and w ash ing  
p ro c e d u re s  i n  b o th  DMD and c o n t r o l  f r a c t i o n s .
L a s t l y ,  one f u r t h e r  p o s s ib le  e x p la n a t io n  m ig h t be th e  
p r e s e n c e ,  i n  th e  c y to p la sm  o f  norm al CSFs o f  a  g r e a t e r  
a m o u n t /a c t iv i ty  o f  some p r o t e c t i v e  f a c t o r ,  h i t h e r t o
“ 220 —
u n i n v e s t ig a t e d .
T h e r e f o r e ,  f a i l u r e  to  f in d  and c h a r a c te r i z e  a  s i g n i f i c a n t  
d i f f e r e n c e  i n  enzym ic l i p i d  p e r o x id a t io n  in  DMD and norm al 
c o n t r o l  CSF membranes does n o t  p re c lu d e  th e  e x is te n c e  o f  such  a 
d i f f e r e n c e  i n  CSFs as a  w h o le . To a tte m p t to  f u r t h e r  c l a r i f y  
t h i s  q u e s t io n ,  w hole hom ogenates o f  CSFs w ere exam ined f o r  
enzym ic and non-enzym ic  l i p i d  p e r o x id a t io n .
À.. 'A t ; ? '
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N on-enzym ic and enzym ic (T a b le  9) i n  v i t r o  p e r o x id a t io n  o f  
t o t a l  CSF hom ogenates r e v e a le d  a  d i f f e r e n c e  betw een  DMD and
norm al c o n t r o l s  a s  m easured  by CD ( F ig s ,  27 -28) and FP ( F ig s ,
3 1 -3 2 ) b u t  n o t  by MDA (F ig s*  2 9 -3 0 ) .  The r e l a t i v e l y  s m a l l  
i n c r e a s e  o f  l i p i d - s o l u b l e  f lu o r e s c e n c e  com ponents o v e r  th e  tim e  
p e r io d s  o f  in c u b a t io n  u se d , f o r  b o th  th e  enzym ic and non-enzym ic  
s y s te m s , a lo n g  w ith  th e  r e l a t i v e l y  h ig h  v a lu e s  f o r  CD s u g g e s t  
t h a t  i n  CSF hom ogenates l i p i d  p e r o x id a t io n  i s  s t i l l  a t  a
r e l a t i v e l y  e a r l y  s ta g e  o f  th e  t o t a l  p r o c e s s .  L ip id  p e r o x id a t io n  
can  be d iv id e d  c h r o n o lo g ic a l ly  i n t o  th e  fo l lo w in g  p h a s e s ;  
i n i t i a t i o n ,  w here a h y d ro g en  atom  i s  a b s t r a c t e d  from  an 
u n s a tu r a te d  f a t l y  a c id  (PUFAH), by an i n i t i a t i n g  f r e e  r a d i c a l  
(R*^) and  a  l i p i d  c o n ju g a te d  d ie n e  f r e e  r a d i c a l  i s  form ed (PUFA^); 
p ro p a g a t io n ,  ^ e r e  th e  f r e e  r a d i c a l s  i n t e r a c t  w ith  m o le c u la r  
oxygen to  form  p e ro x y l  r a d i c a l s  (PUFAOO®) t h a t  th e n  a c t  a s
i n i t i a t o r s ,  a b s t r a c t i n g  f u r t h e r  hydrogen  to  fo rm  h y d ro p e ro x id e s  
(PUFAOOH) w hich i n  tu r n  can  decom pose to  form  p e ro x y l  o r  a lk o x y l  
(PUFAO°) f r e e  r a d i c a l s ;  and c h a in  te r m in a t io n ,  w here two r a d i c a l s  
m eet and end th e  p r o p a g a t io n  o r  w here an a n t i o x id a n t ,  e . g .  
a lp h a - to c o p h e r o l ,  p ro v id e s  a  hydrogen  atom  to  b lo c k  th e  f r e e  
r a d i c a l  a b s t r a c t i o n  from  a n o th e r  PUFAH. From th e  h y d ro p e ro x id e s , 
a d d i t i o n a l  d e c o m p o s itio n  c a rb o n y l  p ro d u c ts  a r e  form ed in c lu d in g  
a ld e h y d e s  and k e to n e s .  MDA i s  one o f  th e  s e v e r a l  c a rb o n y ls  
form ed (D ah le  s i .  &L. ,1 9 6 2 ) .  MDA was sh o w n 'to  r e a c t  w ith  amino 
compounds by C raw ford jg i  s i .  ( 1 9 6 7 ) .  F u r th e r ,  Ohio and Tap p e l
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(1969) h av e  shown t h a t  th e  r e a c t i o n  o f MDA w ith  am ines form s a 
f l u o r e s c e n t  chrom ophore c h a r a c te r iz e d  as N,N d i s u b s t i t u t e d  
1 -a m in o -3 - im in o -p ro p a n e , R-N=CH-CH=CH-NH-R , h a v in g  an e x c i t a t i o n  
maximum a t  370-400nm and f lu o r e s c e n c e  maximum a t  450 -47Onm, In  
a d d i t i o n ,  d u r in g  j j i  v i t r o  p e r o x id a t io n  o f  s u b c e l l u l a r  o r g a n e l l e s ,  
s i m i l a r  FP w ere  form ed (O hio e t  a l . .1 9 6 9 ) .
G iven th e  seq u en ce  o f  t h i s  com plex s e r i e s  o f  r e a c t i o n s ,  i t  
i s  a t  f i r s t  s i g h t  s u r p r i s i n g  t h a t  w h i l s t  d i f f e r e n c e s  betw een  CD 
and FP a r e  d i s c e r n a b le  betw een  DMD and norm al CSFs, no d i f f e r e n c e  
i n  MDA e v o lu t io n  was fo u n d . There a r e  a t  l e a s t  th r e e  p o s s ib le  
e x p la n a t io n s  f o r  t h i s .  F i r s t l y ,  FP e s t im a t io n  i s  acknow ledged  to  
be a  m ethod g iv in g  s e v e r a l  o rd e r s  o f  m agn itude  g r e a t e r  
s e n s i t i v i t y  th e n  MDA e s t im a t io n  (L ogan i and D a v ie s , 1980) so  t h a t  
th e  l a t t e r  may n o t  be s u f f i c i e n t l y  s e n s i t i v e .a n d  p r e c i s e  to. p ic k  
up r e l a t i v e l y  s m a ll  c h a n g e s . S e c o n d ly , i t  h a s  become a p p a re n t  
t h a t  MDA may n o t  be th e  m ajo r c a rb o n y l compound in  a  com plex 
m ix tu re  o f  c a rb o n y ls  p roduced  by .ç e r o x id i s in g  b io lo g i c a l  
s y s te m s . F u r th e rm o re  i t  i s  l i k e l y  t h a t  th e  r e l a t i v e  am ounts o f 
th e s e  c a rb o n y l  compounds a r e  h ig h ly  d e p e n d en t upon th e  p a r t i c u l a r  
membrane sy s te m  in v o lv e d  (E s te r b a u e r  ^  a l . ,1 9 8 2 ) .  T h e re fo re  i t  
i s  p o s s ib l e  t h a t  th e  CSF sy s te m , which has  n o t  been  h i t h e r t o  
exam ined i n  any d e t a i l ,  may p ro d u ce  r a t h e r  s m a ll  am ounts o f  MDA 
b u t  t h a t  o th e r  c a rb o n y l compounds may w e ll  be o f  e q u a l o r  g r e a t e r  
im p o r ta n c e  i n  th e  p ro d u c t io n  o f  c e l l u l a r  p a th o lo g y  ( W it t in g ,  
1980; S l a t e r ,  1972) and F P s , F i n a l l y  G hoshal and R ecknagel 
(1965) have  s u g g e s te d  t h a t  a  r e d u c t io n  in  d r  th e  ab sen ce  o f  MDA 
from  a  p e r o x id i s in g  b i o lo g i c a l  sy stem  may be th e  r e s u l t  o f  i t s
-  223 -
r a p id  m e ta b o lism .
As a  summary, th e  t h r e e  s e r i e s  o f e x p e r im e n ts  d e s c r ib e d  
h e r e  w hich exam ined l i p i d  p e r o x id a t io n  i n ;  ( i )  w hole c u l t u r e s ;  
( i i )  i s o l a t e d  washed p a r t i c u l a t e  f r a c t i o n  and ( i i i )  t o t a l  CSF 
hom ogenates p ro d u ced  i n t e r e s t i n g  y e t  p u z z lin g  r e s u l t s .  The 
g r e a t e s t  d i f f e r e n c e  betw een  no rm al and DMD CSFs was se en  in  w hole 
c u l t u r e s  w h ere , a s  ju d g ed  by MDA, th e r e  was a  m arked in c r e a s e  in  
l i p i d  p e r o x id a t io n  i n  DMD. CSF hom ogenates showed s i g n i f i c a n t  
b u t  s m a l le r  in c r e a s e  in  l i p i d  p e r o x id a t io n  in  IMD p r e p a r a t i o n s  
u n d e r c o n d i t io n s  w here l i p i d  p e r o x id a t io n  was in d u ce d  e n z y m ic a lly  
o r  n o n -e n z y m ic a lly , b u t  o n ly  when m o n ito re d  by CD and FP, n o t  by 
MDA. T h is  may s u g g e s t  t h a t  t h e r e  i s  a  p o te n t  s t r e s s  f a c t o r  i n  
c o n f lu e n t  c u l t u r e s  w hich in d u c e s  in c r e a s e d  l i p i d  p e r o x id a t io n ,  
p a r t i c u l a r l y  i n  DMD c e l l s .  The d i f f e r e n c e - b e tw e e n  IMD a n d  n o rm a l 
c e l l s  was n o t  a p p a re n t  in  i s o l a t e d  washed p a r t i c u l a t e  f r a c t i o n s  
w here l i p i d  p e r o x id a t io n  was in d u ced  e n z y m ic a lly  which s u g g e s ts  
t h a t  e i t h e r  a  s o lu b le  p o t e n t i a t i n g  f a c t o r  f o r  l i p i d  p e r o x id a t io n  
i s  p r e s e n t  in  g r e a t e r  am o un ts, o r  t h a t  a  h i t h e r t o  u n in v e s t ig a te d  
s o lu b le  p r o t e c t i v e  f a c t o r  i s  d im in is h e d , i n  DMD CSFs.
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ASSAY OF TOTAL ANTIOXIDANT ACTIVITY OF. CSF. CYTOSOL USING
■RAT LIVER PARTICULATE FRACTION AS A MODEL SYSTEM
The m icro som al membrane h a s  been  used  by many l a b o r a t o r i e s  
a s  a  m odel membrane in  s tu d y in g  l i p i d  p e r o x id a t io n  (P e d e rso n  and 
A u s t, 1975; K o s te r  and S le e ,  1980; Lokesh e t  a l . ,1 9 8 1 ;  Cheeseman,
1982 )• I t  i s  known to  be v e ry  s u s c e p t ib l e  to  l i p i d  p e ro x id a t io n  
due to  i t s  h ig h  c o n te n t  o f  PUFA (K o s te r  and S le e ,  .1980 ). In  
f a c t ,  m ito c h o n d r ia l  membranes have been  shown to  p e ro x id iz e  a t  
t h r e e  t im e s ,  and th o s e  o f  m icrosom es a t  te n  t im e s ,  th e  r a t e  o f  
ly so so m a l membranes (D e sa i ejt. a l .  ,1 9 6 3 ) . Based on t h i s  
in f o r m a t io n ,  t o t a l  p a r t i c u l a t e  f r a c t i o n  from  r a t  l i v e r  was ch o sen  
a s  a  m odel sy stem  to  e v a lu a te  th e  AOA o f  CSF c y to s o l .  B oth 
c l a s s e s  (n o n -en zy m ic  and enzym ic) o f  in d u ced  l i p i d  p e r o x id a t io n  
p r o c e s s e s  w ere u sed  i n  t h i s  s tu d y .  The n o n -e r^ y m ic  p ro c e s s  was 
in d u c e d  by i r o n / a s c o r b a t e  w h ile  th e  enzym ic p r o c e s s e s  was 
NADPH-dependent a lth o u g h  th e  p re se n c e  o f  A D P -chela ted  i r o n  
(H o c h s te in  and E r n s t e r ,  1963) i s  a ls o  n e ed ed . I r o n  h as  b een  
found  to  be a v i t a l  com ponent o f cy tochrom e-P^^Q , an  o x id a s e  
in v o lv e d  in  th e  e l e c t r o n  t r a n s f e r  sy stem  a s s o c i a te d  w ith  l i p i d  
p e r o x id a t io n  (D e M atte is  and S p a rk s , 1 9 7 3 ).
In  th e  p i l o t  s t u d i e s  to  e v a lu a te  th e  r a t  l i v e r  sy s tem , th e  
fo rm a tio n  o f  l i p i d  p e r o x id a t io n  p ro d u c ts  was shown h e re ,  as  
e x p e c te d , to  be a t im e -d e p e n d e n t p ro c e s s  (T a b le  1 0 ) . I n  b o th  
c a s e s  (enzym ic and non-enzym ic  s y s te m s ) ,  th e  v a lu e s  in c r e a s e d  
r a p i d l y  up to  a  maximum a t  s i x t y  m in u te s  o f in c u b a t io n ,  e x c e p t  FP
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w hich peaked  a t  120 m in u te s  ( F ig s ,  35 and 3 8 ) .  As p r e d ic te d ,  
t h e r e a f t e r  any f u r t h e r  i n c u b a t io n  r e s u l t e d  in  a  s h a rp  d e c re a s e  in  
CD ( F ig s .  33 and 36) and MDA ( F ig s ,  34 and 3 7 ) ,  A p o s s ib le  
e x p la n a t io n  f o r  th e  r e d u c t io n  o f  th e  p e r o x id a t io n  p ro d u c ts  (CD 
and MDA) a t  t h i s  s ta g e  may be t h a t  m ost o f th e  membrane PUFA had 
been  consum ed, A ra c h id o n ic  a c id  c o n ta in e d  i n  th e  m icrosom al 
c h o l in e  and e th a n o la m in e  p h o s p h o g ly c e r id e  i s  p ro b a b ly  th e  m ain 
s u b s t r a t e  f o r  m icrosom al l i p i d  p e r o x id a t io n  (L okesh  e t  a l . . 1 9 8 l )  
and a  d e c re a s e  in  p e r o x id a t io n  a c t i v i t y  i s  a s s o c ia te d  w ith  a  
r e d u c t io n  i n  th e  PUFA c o n te n t  o f  th e  m icrosom al p h o s p h o lip id , 
p a r t i c u l a r l y  a r a c h id o n ic  a c id  (L okesh  e t  a l . , i q 8 l ) .
I t  i s  c o n s i s t e n t  w ith  th e  c h e m is try  o f  l i p i d  p e ro x id a t io n  
t h a t  FP ( F ig s .  35 and 38) a s  a l r e a d y  m en tioned  above, 
c o n tin u o u s ly  in c r e a s e d  beyond s i x t y  m in u te s - r e a c h in g  a maximum a t  
120 m in u te s  w hich was s u s ta in e d  f o r  th e  re m a in in g  60 m in u te s  o f 
in c u b a t io n .  A lso  c o n s i s t e n t  i s  th e  d e c re a s e  o f  MDA c o n c e n t r a t io n  
beyond s i x t y  m in u te s . S h im a sa k i ejfc. â l  (1977) s tu d ie d  th e  FP t h a t  
d e v e lo p e d  d u r in g  th e  o x id a t io n  o f  u n s a tu r a te d  l i p i d s  in  an 
aqueous e m u ls io n  w ith  g ly c in e .  F o rm a tio n  o f  th e s e  FP c o r r e l a t e d  
w ith  th e  d e c re a s e  in  CD and T B A -re a c tiv e  m a t e r i a l s .  Thus th e s e  
o b s e r v a t io n s  a r e  c o n s i s t e n t  w ith  t h e i r  f in d in g s  and th e  known 
c h e m is try  o f  l i p i d  p e r o x id a t io n  ( s e e  i n t r o d u c t i o n  and F ig .  3 ) .
U nder norm al p h y s io lo g ic a l  c o n d i t io n s  l i v i n g  c e l l s  p o s s e s s  
a d e q u a te  d e fe n c e  m echanism s a g a in s t  l i p i d  p e r o x id a t io n .  V itam in  
E i s  o f  un d o u b ted  im p o r ta n c e  as  a  g e n e r a l  f r e e  r a d i c a l  sc a v e n g e r  
and a n t i o x id a n t  i n  th e  l i p i d  phase  o f  membranes and some
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consequences o f  v i ta m in  E d e f ic ie n c y  have been  r e p o r te d  ( B i e r i  s L  i
1a l . ,1 983) '  The p o s s ib le  in v o lv em en t o f  SOD and CAT a s  s c a v e n g e rs  i
-o  Io f  Og and r e s p e c t i v e ly ,  i n  th e  i n h i b i t i o n  o f  NADPH-induced |
1l i p i d  p e ro x id a t io n  has been  c h a lle n g e d  (P e d e rso n  and A ust, 1 975 ), |
Ip a r t i c u l a r l y  i n  th e  c a se  o f  CAT w hich i s  l a r g e l y  c o n fin e d  to  th e  |.1perox isom es o f  m ost c e l l  ty p e s  (RBC b e in g  a n o ta b le  e x c e p t io n ) .
The o th e r  enzymes w hich a re  im p o r ta n t  a n t i o x id a n t s  a r e  th e  
GSH-dependent enzymes.
I t  has been  g e n e r a l ly  a c c e p te d  t h a t  p r o t e c t i o n  a g a in s t  th e  
o x id a t iv e  damage o f  c e l l  membranes i s  p a r t i a l l y ,  a t  any r a t e ,  
m ed ia ted  by th e  r e d u c t io n  o f  endogeneously  form ed l i p i d  
h y d ro p e ro x id e s  to  hydroxy d e r i v a t i v e s  th ro u g h  GSHPx. However,
McCay .a t  â l  (1981) and Burk s i  a l  (1980) s u g g e s te d  t h a t  an 
a d d i t io n a l  r a t  l i v e r  c y to s o l i c  f a c t o r ,  w hich p r o t e c t s  a g a in s t  i
p e ro x id a t io n  o f  m icrosom al l i p i d s  in  th e  p re se n c e  o f  GSH, i s  n o t 
GSHPx. The fo rm er g roup  showed t h a t  p e ro x id e s  o f  m icrosom al 
l i p i d s  w ere v e ry  poor s u b s t r a t e s  f o r  GSHPx a c t i v i t y  and s u g g e s te d  
t h a t  th e  p r o te c t i o n  was c o n fe r re d  by p r e v e n t io n  o f  p e r o x id a t io n  
r a t h e r  th a n  by re d u c in g  l i p i d  h y d ro p e ro x id e s  once form ed.
L evender (1982) found t h a t  GSHPx a p p e a rs  u n a b le  to  u t i l i z e  
PUFAOOH ( f a t t y  a c id  h y d ro p e ro x id e s )  e s t e r i f i e d  i n  membrane 
p h o s p h o lip id s  as  a  s u b s t r a t e  even  though i t  a c t s  e f f e c t i v e l y  on 
f a t t y  a c id  s a l t s  and f r e e  f a t t y  a c id  p e ro x id e  (McCay s i  
a l . ,1 9 8 1 ) .  F or e f f i c i e n t  d e t o x i f i c a t i o n  o f  PUFAOOH by GSHPx i t s  
th e r e f o r e  n e c e s s a ry  f o r  th e  p r io r  r e l e a s e  o f  PUFAOOH by
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p h o sp h o lip a se  A. T h e re fo re , MoCay ^  ja l  (1981) s u g g e s te d  t h a t  
th e  most c r u c i a l  i n t r a c e l l u l a r  a n t io x id a n t  d e fe n c e s  a r e
GSH-dependent f a c t o r s .  C hrom atograph ic  s tu d i e s  by Burk s i  Ü  
(1980) su g g e s te d  t h a t  th e  p r o te c t iv e  e f f e c t  o f GSH a g a in s t  
fo rm a tio n  o f  MDA in  r a t  l i v e r  p r e p a r a t io n s  may be m ed ia ted  by 
G S H -S - tra n s fe rra se  (EC 2 .5 .1 .1 8 ) ,  which c a n n o t u t i l i z e  HgOg. On
th e  c o n tr a ry ,  U r s in i  s i  al (1982) and M a rio rin o  al (1982) 
p u r i f ie d  a c y to s o l ic  i n h ib i to r y  p r o te in  from  p ig  l i v e r  and h e a r t  
and found i t  to  be d i s t i n c t  from b o th  known GSHPx and
G S H -S - tra n s fe rra se s  i n  ag reem en t w ith  McCay jg l al (1980 , 1981).
In  th e  e x p e rim e n ts  d e s c r ib e d  h e re , CSF c y to s o l  from  b o th  
DMD and norm al c o n t r o l s  i n h ib i t e d  b o th  enzym ic ( Fe^^/ADP/NADPH) 
and non-enzym ic ( a s c o r b a te /F e ^ * ) -8 t im u la te d  l i p i d  p e r o x id a t io n  in  
r a t  l i v e r  p a r t i c u l a t e  f r a c t i o n  b u t to  a d i f f e r e n t  e x te n t  (F ig s .  
3 9 -4 4 ). I t  was found t h a t  DMD CSF c y to s o l  was more e f f e c t i v e  in
i n h i b i t i n g  th e  fo rm a tio n  o f  p e ro x id a t io n  p ro d u c ts  i n  b o th
sy stem s, and a s  judged  by a l l  th r e e  in d ic e s  o f  l i p i d  
p e ro x id a t io n , a lth o u g h  th e  e f f e c t  was more p ronounced  f o r  CD 
(F ig s . 39 and 42) and FP (F ig s .  41 and 44) m easurem ents th a n
fo r  MDA (F ig s .  40 and 4 3 ) . Again th e  s ig n i f i c a n c e  o f  th e s e  
r e s u l t s  i s  p e rh ap s  q u e s t io n a b le  due to  th e  sm a ll number o f  c e l l  
l i n e s  t e s t e d .  However, s in c e  i t  has been shown (H unter- and Amin, 
1984) t h a t  SOD, CAT, GSHPx and GSHR a r e  norm al i n  DMD CSFs, t h i s  
would i n f e r  t h a t  some o th e r ,  GSH-dependent f a c t o r  may be
in c re a s e d  in  DMD CSFs. However th e  p o s i b i l i t y  t h a t  CSFs c y to s o l  
in d u c e s  o r p o t e n t i a t e s  l i p i d  p e ro x id a t io n  i n  a d d i t io n  to  
i n h i b i t i o n  was n o t f u l l y  in v e s t ig a t e d  in  t h i s  work.
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These r e s u l t s  a r e  a t  f i r s t  s ig h t  p a ra d o x ic a l  s in c e  DMD 
CSFs ap p ear to  have a b e t t e r  p r o te c t io n  system  th a n  norm al y e t  
show a g r e a t e r  p ro p e n s i ty  fo r  l i p i d  p e ro x id a t io n .  However, th e  
r a i s e d  l e v e l s  o f  AOA may r e f l e c t  an  a tte m p t by DMD CSFs to  
com pensate f o r  th e  in c re a s e d  l i p i d  p e ro x id a t io n  a s  su g g e s te d  by 
Kar and P e a rso n  (1979) f o r  DMD m usc le . But i t  i s  c l e a r l y  n o t 
co m p le te ly  s u c c e s s fu l  p resum ab ly  becau se  i t  c a n n o t cope w ith  th e  
e x c ess  and r a p id  p ro d u c tio n  o f p e ro x id a t io n  p ro d u c ts .
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LIPID PEROXIDATION PRODUCTS IN FRESH PLASMA
The t h r e e  m ethods m ost w id e ly  used  f o r  m easurem ent o f  
l i p i d  p e r o x id a t io n  a r e  U.V a b s o r p t io n  (CD), TBA-assay (MDA) and 
f l u o r i m e t r i c  te c h n iq u e  (F P ) . U sing th e s e  m ethods t h i s  s tu d y  
found  s i g n i f i c a n t l y  in c r e a s e d  p lasm a l i p i d  p e r o x id a t io n  p ro d u c ts  
(CD,MDA and FP) i n  DMD com pared w ith  norm al c o n t r o l  p lasm a 
sam p les  ( F ig s .  4 5 -4 7 ) .  L e v e ls  o f  CD w ere r a i s e d  by 77% 
(P < 0 .0 2 ) ,  MDA by 35% (P < 0 .0 1 ) and FP by 70% (P < 0 .0 0 1 ) .
I n c r e a s e  in  l i p i d  p e r o x id a t io n  p ro d u c ts  i n  DMD plasm a
m ig h t be e x p la in e d  by e i t h e r  one o r a  c o m b in a tio n  o f  th e
fo l lo w in g  f a c t o r s :  ( i )  an  enhancem ent o f p l a t e l e t  a g g re g a t io n
which was r e p o r t e d  i n  DMD (Yarom e t  a l . , i q 8 l )  may be a s s o c i a te d
w ith  an a c t i v a t i o n  o f  p l a t e l e t  throm boxane s y n th e s i s  and
p r o s ta g la n d in  r e l e a s e ,  r e p o r t e d  by o th e r s  as  m ajor s o u rc e s  o f  MDA
i n  p lasm a (S z e c e k l ik  s L  a l .  ,1 9 8 1 ) ; ' ( i i )  I n c r e a s e d  l i p i d
p e r o x id a t io n  in  m u sc le s . S in c e  m o rp h o lo g ic a l s tu d y  o f  EMD m usc le
r e v e a l s  v a ry in g  d e g re e s  o f  d e g e n e r a t iv e  changes i n  m ost o f  th e
m u sc le  f i b r e s  ( s e e  i n t r o d u c t i o n ) ,  a s s o c ia te d  w ith  s i g n i f i c a n t l y
h ig h e r  T B A -re a c tiv e  m a t e r i a l s  (K ar and P e a rso n , 1979; M ech le r e t
a l . ,1 9 8 4 ) , i t  may be r e a s o n a b le  to  assum e t h a t  th e s e  changes
c o u ld  be r e s p o n s ib le  f o r  th e  le a k a g e  i n t o  b lo o d  o f  m usc le  l i p i d
p e r o x id a t io n  p ro d u c ts  i n  th e  same way as m usc le  enzym es, su ch  a s
CPK. ( i i i )  R e le a s e  o f  s u b s t r a t e s  and p e r o x id a t io n  c a t a l y s t s  f o r
2 +a u to x id a t io n .  S in c e  Fe i s  such  an im p o r ta n t  and p o te n t  
c a t a l y s t  f o r  l i p i d  p e r o x id a t io n  in  b i o lo g i c a l  sy s te m s  ( H a l l iw e l l
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and G u t te r id g e ,  1 9 8 4 ), i t  i s  a l s o  p o s s ib le  t h a t  th e  e x te n s iv e  
m u sc le  c e l l  damage and n e c r o s i s  in  DMD r e l e a s e s  Fe^* (a n d  
p o s s ib ly  membrane f ra g m e n ts  and l i p i d s )  i n t o  th e  c i r c u l a t i o n  and 
t h a t  th e  l i p i d  p e r o x id a t io n  p ro d u c ts  a re  th e n  g e n e ra te d  j n  s i t u  
in  th e  c i r c u l a t i o n  from  e .g .  l i p i d s  in  a s s o c i a t i o n  w ith  p lasm a 
l i p o p r o t e i n s .  I t  h a s  been  shown t h a t  l i p i d  p e ro x id e s  ( S z e c e k lik  
s i . .  , 1 981 ) and  th e  breakdow n p ro d u c t  o f  l i p i d  p e r o x id a t io n ,  MDA 
(Fogelm an ^  a l ,  ,1980) can  be t r a n s p o r te d  by LDL.
P r o te in s  a r e  p o w e rfu l f r e e - r a d i c a l  s c a v e n g e rs  ( i , e .  
p o t e n t i a l  a n t i o x i d a n t s ) ;  and one m ust assum e t h a t  i n  norm al c e l l s  
th e y  h e lp  to  i n s u l a t e  a u to x id i s a b l e  l i p i d s  and l i p i d  p e r o x id a t io n  
c a t a l y s t s  ( i , e ,  Fe*** ,^ F e* ^ , and Cu*^) from  a c t iv e  oxygen
r a d i c a l s  (G u t te r id g e  and H a l l i w e l l ,  1 9 8 4 ). No f r e e  m e ta l io n s  
a r e  fo u n d  i n  hum an-plasm a b u t  t r a c e s  o f  m e ta l io n s  a r e  p r e s e n t  
( s e e  Rowley and H a l l i w e l l ,  1983) i n t r a c e l l u l a r l y  and i n  s e v e r a l  
o th e r  body f l u i d s  o th e r  th a n  p lasm a . I n  p lasm a , c o p p e r io n s  
e x i s t  bound to  a lbum in  and to  amino a c id s  such  a s  h i s t i d i n e  
(Row ley and H a l l i w e l l ,  1983) w h ile  i r o n  i s  bound to  th e  ab u n d an t 
i r o n - b in d in g  p r o t e i n ,  t r a n s f e r r i n ,  (G u t te r id g e  e i  a l . .1 9 8 2 ) .  
F re e  i r o n  i s  o n ly  d e te c te d  i n  th e  serum from  p a t i e n t s  s u f f e r i n g  
from  i r o n - o v e r lo a d  d i s e a s e s  (H ershko  e t  a l , ,1 9 7 8 ) .
However, t h i s  s t r u c t u r a l  i n s u l a t i o n  c o u ld  be damaged in  
some ty p e s  o f  d i s e a s e  such  a s  DMD. P r o te in s  as  w e l l  a s  membrane 
l i p i d s  a r e  s u s c e p t ib l e  to  f r e e - r a d i c a l  damage a s  s u g g e s te d  ■ by 
G u t te r id g e  (1 9 8 2 ) . F u r th e r ,  b o th  f r e e  i r o n  (G u t te r id g e  e t
a l .  , 1 982) and co p p e r r e a c t  w ould r e a d i ly  and r a p i d l y  w ith  HgO^ to
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g iv e  0” ° -d e p e n d e n t  and a s c o rb a te -d e p e n d e n t  °0H fo rm a tio n  in  such  
p a th o lo g ic a l  p lasm a .
I n  t h i s  s tu d y  a co m p a riso n  betw een  p lasm a l i p i d  
p e r o x id a t io n  p ro d u c ts  in  a d u l t s  and c h i l d r e n  r e v e a le d  no 
s i g n i f i c a n t  d i f f e r e n c e  e x c e p t  f o r  MDA w hich was in c r e a s e d  20% i n  
a d u l t s  compared w ith  c h i ld r e n  (P < 0 ,0 5 ) ( F ig .  49).* I n c re a s e d  MDA 
i s  e x p e c te d  in  a d u l t s  s in c e  P o u b e lle  e i  a i  (1982 ) showed t h e r e  i s  
a  l i n e a r  i n c r e a s e  in  p lasm a T B A -reac tiv e  m a t e r i a l  w ith  a g e , in  
no rm al h e a l th y  i n d iv i d u a l s .  P a r a d o x ic a l ly ,  a t  l e a s t  a t  f i r s t  
s i g h t ,  th e r e  i s  no in c r e a s e  w ith  age o f  s u b je c t  in  th e  two o th e r  
l i p i d  p e r o x id a t io n  i n d i c e s ,  CD and FP, T here  may be a t  l e a s t  two 
i n t e r p r e t a t i o n s  f o r  t h i s  d a ta .  F i r s t l y ,  i t  i s  l i k e l y  t h a t  th e  
r e a c t i o n s  from  CD to  y i e l d  MDA a r e  r a p id  and so  CD l e v e l s  n e v e r  
b u i ld  up b u t assum e a  r e l a t i v e l y  c o n s ta n t  s t e a d y - s t a t e  l e v e l .  
L ip id  s o lu b le  FP in  p lasm a a r e  l i k e l y  to  be t r a n s p o r t e d  i n  
a s s o c i a t i o n  w ith  l i p o p r o t e i n s  an d , a s  su c h , to  be tu rn e d  o v e r  and 
rem oved from  th e  c i r c u l a t i o n .  L e v e ls  d f  FP i n  p lasm a th e n  may 
w e ll  be t r a n s i e n t  a lth o u g h  in  m ost c e l l s ,  b e c a u se  o f  t h e i r  
l o c a l i s a t i o n  in  ly so so m e s, FP a c cu m u la te  and p ro b a b ly  g iv e  a 
m easu re  o f  th e  c u m u la tiv e  l i p i d  p e r o x id a t io n  w hich  h a s  o c c u rre d  
i n  th e  c e l l ’s  l i f e  t im e . To a c c o u n t f o r  in c r e a s e d  FP in  DMD 
p lasm a  as  com pared to  c o n t r o l s ,  th e  s i t u a t i o n  in  DMD may be 
d i f f e r e n t  in  t h a t  much h ig h e r  l e v e l s  o f  l i p i d  p e r o x id a t io n  
p r o d u c ts  may be p ro d u ce d , p e rh a p s  in  b u r s t s  c o rre s p o n d in g  to  
damage and r e l e a s e  from  m u sc le . S e co n d ly , th e  m ethods (CD and 
FP , o r  may be MDA?) may be u n r e l i a b l e  i n d i c a t o r s  o f  p e r o x id a t iv e  
damage i n  v iv o  a t  l e a s t  i n  p lasm a .
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eeeec t  of storage on plasma l i p i d  pero x id a tio n , products
T h is  s tu d y  h a s  shown t h a t  when norm al p lasm a i s  s to r e d  f o r  
b e tw een  s ix  m onth and th r e e  y e a r s ,  o f  th e  l i p i d  p e r o x id a t io n  
p r o d u c ts ,  MDA i s  in c r e a s e d  two f o ld  ( F ig .  5 2 ) ,  FP th r e e  f o ld  
( F ig .  53) b u t  t h e r e  i s  no change in  CD ( F ig .  5 1 ) .  S im i la r
ch an g es  w ere found  f o r  DMD plasm a e x c e p t t h a t  t h e r e  was a s l i g h t  
d e c re a s e  in  CD, i n  a d d i t io n .  The a b s o lu t e  l e v e l  o f  th e s e  
p e r o x id a t io n  p r o d u c ts  (CD,MDA and FP) was a lw ay s h ig h e r  i n  IMD 
p lasm a  th a n  i n  no rm al c o n t r o l  th ro u g h o u t th e  tim e  o f  s to r a g e
(T a b le  1 5 ) .
CD c o n c e n t r a t io n  (Ag^^J a p p e a rs  n o t  to  be s i g n i f i c a n t l y  
c o r r e l a t e d  w ith  s to r a g e  tim e  e i t h e r  in  norm al c o n t r o l s  o r  in  DMD 
p lasm a sa m p le s . CD i s  a  r e l a t i v e l y  u n s ta b le  f a t t y  a c id  r a d i c a l ,
w hich i s  r e a d i l y  f u r t h e r  m e ta b o liz e d  o r  r e a c t s  w ith  m o le c u la r  
oxygen to  fo rm , u l t i m a t e l y ,  th e  p o t e n t i a l l y  more dam aging
p e r o x id a t io n  p r o d u c t ,  MDA. CD, t h e r e f o r e  i s  a  t r a n s i e n t  
i n te r m e d ia te  whose s te a d y  s t a t e  c o n c e n t r a t io n  i s  l i k e l y  to  be 
low . MDA, i s  a  b i f u n c t io n a l  c r o s s - l i n k in g  a g e n t  (W old, 1972) 
w hich may form  c o n d e n s a t io n  p ro d u c ts  w ith  p lasm a p r o t e i n s ,  l i p i d s  
o r  l i p o p r o t e i n s  and y i e l d  i n t r a -  o r  in te r m o le c u la r  c r o s s - l i n k in g  
(O hio  and T a p p e l, 1 9 6 9 ). U sing S D S -p o ly ac ry lam id e  g e l
e l e c t r o p h o r e s i s ,  Janado  jejL a l  (1979) r e c e n t l y  d e m o n s tra te d  t h a t  
MDA c o u ld  c a u se  th e  fo rm a tio n  o f  o lig o m e rs  o f  b o v in e  ■ serum  
a lb u m in .
-  233 -
From th e  r e s u l t s  p r e s e n te d  h e re ,  th e  l i p i d  p e r o x id a t io n  
r e a c t i o n s  o c c u r r in g  a t  -20^C  can  be d iv id e d  i n t o  an i n i t i a l  s low  
r a t e  w hich o c c u rs  i n  th e  f i r s t  y e a r  w hich i s  fo llo w e d  by a v e ry  
r a p id  o x id a t io n  r a t e  t h e r e a f t e r .  The " la g  p h ase"  may be due to ,  
e . g .  co n su m p tio n  o r  i n a c t i v a t i o n  o f  endogenous a n t i o x id a n t ( s )  o r  
to  th e  e x p o n e n t ia l  b u i ld - u p  o f  f r e e  r a d i c a l s .  I t  i s  n o tew o rth y  
t h a t  th e  k i n e t i c s  o f  f r e e  r a d i c a l  c h a in  r e a c t i o n s  n o rm a lly  fo llo w  
an e x p o n e n t ia l  c o u rs e  and th e  low te m p e ra tu re s  o f  s to r a g e  may 
s im p ly  s e rv e  to  a c c e n tu a te  t h i s  i n i t i a l  p h a se . S w artz  (1971) h a s  
shown t h a t  th e  damage w hich o c c u rre d  d u r in g  th e  f r e e z in g  o f  
b a c t e r i a  ( E .c o l i )  was r e l a t e d  to  o x y g e n -f re e  r a d i c a l  fo rm a tio n . 
L a te r ,  S w artz  (1973) rev ie w e d  th e  c o n c e p t t h a t  oxygen t o x i c i t y  
e f f e c t s  in c lu d e  a u to x id a t iv e  damage to  c e l l s  w hich o c c u rs  d u r in g  
f r e e z in g  in  th e  p re s e n c e  o f  m o le c u la r  oxygen . In  a d d i t io n ,  
F in e a n  (1954) s tu d ie d  th e  e f f e c t  o f  f r e e z in g  on norm al n e rv e  and 
found damage a s s o c i a te d  w ith  d é n a tu r a t io n  o f  th e  p r o t e i n  
com ponent (maybe v i a  MDA c r o s s - l i n k in g ? )  w ith  c o n se q u e n t b re a k in g  
o f  l in k s  be tw een  l i p i d  and p r o t e i n ,  t h i s  i n  t u r n  r e s u l t i n g  in  a  
breakdow n o f  some o f  th e  l i p o p r o t e i n  com plexes . I t  i s  p ro b a b le  
t h a t  th e  same p r o c e s s  h a s  o c c u rre d  i n  p lasm a d u r in g  s to r a g e  w here 
a s  a  r e s u l t  o f  damage to  p lasm a l i p o p r o t e i n  p e r o x id iz a b le  f r e e  
f a t t y  a c id s  ( i . e .  unbound to  p lasm a p r o te in )  and f r e e  l i p i d s  
( n o t  n e c e s s a r i l y  p h o s p h o lip id s )  would be r e l e a s e d  to  r e a c t  w ith  
m o le c u la r  oxygen i n  th e  f ro z e n  aqueous p h a s e . P h o s p h o lip id  i s  
n o t  th e  o n ly  p e r o x id iz a b le  l i p i d  i n  p lasm a , s in c e  f r a c t i o n a t i o n  
s tu d i e s  by T hayer (1984) on serum l i p i d  p e ro x id e s  in  r a t s  
d e m o n s tra te d  t h a t  s e v e r a l  d i s t i n c t  ty p e s  o f  l i p i d  p e ro x id e s  w ere  
p r e s e n t  w i th in  th e  m ajo r n e u t r a l  l i p i d s ,  in c lu d in g  TGs,
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c h o l e s t e r o l  e s t e r  and f r e e  c h o l e s t e r o l .  I n t e r e s t i n g l y ,  th e  serum  
p h o s p h o lip id s  d id  n o t  a p p e a r  to  c o n ta in  com parab le  am ounts o f  
p e ro x id iz e d  l i p i d s  (T h a y e r , 1 9 8 4 ) . In  t h i s  r e s p e c t ,  i t  would be 
d e s i r a b l e  to  r e p e a t  th e  p lasm a s to r a g e  e x p e rim e n t d e s c r ib e d  h e re  
and to  f r a c t i o n a t e  th e  l i p i d s  e s p e c i a l l y  to  d e te rm in e  th e  
c e l l u l a r  o r ig i n  o f p lasm a l i p i d  p e ro x id e s  a s  w e l l  as  i t s  r e l a t i o n  
to  th e  a v a i l a b l e  n e u t r a l  l i p i d s  i n  p lasm a.
To e s t a b l i s h  w h e th e r  l i p o p r o te i n  o th e r  th a n  LDL p ro v id e  
l i p i d  o r  p h o s p h o lip id s  f o r  MDA fo rm a tio n  in  p lasm a , A lau p o v ic  êJL 
â i  (1972) t e s t e d  v e ry  low d e n s i ty  l i p o p r o t e i n s  (VLDL), h ig h  
d e n s i ty  l i p o p r o t e i n s  (HDL), and s u b f r a c t i o n s  o f  low - and 
h ig h - d e n s i ty  l i p o p r o t e i n s ,  o r i g i n a l l y  i s o l a t e d  i n  th e  p re s e n c e  o f
0 .0 5 #  EDTA from  f r e s h  p lasm a and o u td a te d  p lasm a (A lau p o v ic  ^  
a l . , 19721. A l l  l i p o p r o t e i n  sam ples showed in c r e a s e d  MDA 
c o n c e n t r a t io n  upon s to r a g e  i r r e s p e c t i v e  o f  t h e i r  d e n s i ty  
p r o p e r t i e s  and r e g a r d l e s s  o f  lA e th e r  th e y  w ere o r i g i n a l l y  
i s o l a t e d  from  f r e s h  o r  s to r e d  p lasm a . ’ I n  c o n t r a s t ,  two LDL 
sa m p les  i s o l a t e d  from  f r e s h  plasm a i n  th e  p re s e n c e  o f  EDTA, 
g l u t a th i o n e  and gave  n e g a t iv e  r e a c t i o n s  w ith  TEA fo l lo w in g
s to r a g e  f o r  14 days in  a t  4°C. These r e s u l t s  s u g g e s t  t h a t  
l i p i d s  i n  a l l  l i p o p r o t e i n s  a r e  s u s c e p t ib l e  to  p e r o x id a t io n  (L e e , 
1 9 8 0 ), p ro v id e d  m o le c u la r  oxygen i s  p r e s e n t .
L ip id  p e r o x id a t io n  a f f e c t s  n o t  o n ly  th e  s o l u b i l i t y  and 
s t r u c t u r e  o f  p lasm a com ponents b u t a ls o  t h e i r  u p ta k e  • by c e l l s .  
Fogelm an s i .  (1980) d e m o n s tra te d  t h a t  th e  u p ta k e  o f  th e
MDA-modified LDL by human m onocy te-m acrophages w ere  s i g n i f i c a n t l y
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d i f f e r e n t .  Lee (1980) t h e r e f o r e  s u g g e s t  t h a t  p lasm a p r o te in  and 
l i p o p r o t e i n  to  be used  f o r  m e ta b o lic  o r  s t r u c t u r a l  s tu d i e s  o u gh t 
to  be i s o l a t e d  under o x i d a t io n - f r e e  c o n d i t io n s .
To i n v e s t i g a t e  th e  e f f e c t s  o f  s to r a g e  o v e r  a  s h o r t e r  tim e  
s c a l e ,  l i p i d  p e r o x id a t io n  p ro d u c ts  from  two p o o ls  o f  p lasm a o f  
two norm al a d u l t  i n d iv id u a l s  (A and B) r e v e a le d  t h a t  b o th  sam p les  
w ere  r a t h e r  s t a b l e  o v e r  th e  f i r s t  month ( F ig .  5 4 ) , b u t  t h a t
t h e r e a f t e r  t h e r e  was a l i n e a r  i n c r e a s e  in  b o th  MDA and FP (T a b le
I
16 and 54) up to  s ix  m onths o f  s to r a g e .  More im p o r ta n t ly  th e  ]
4
r a t e  o f  l i p i d  p e r o x id a t io n  v a r ie d  from  in d iv i d u a l  to
Ii n d i v i d i u a l .  These v a r i a t i o n s  i n  th e  r a t e  o f  l i p i d  p e r o x id a t io n  !
p ro d u c t  fo rm a tio n  may be a  r e f l e c t i o n  o f  b o th  t h e i r  p lasm a |
a n t i o x id a n t  c o n te n ts ,  e . g .  v i ta m in  E and c a r o te n o id s ,  and t h e i r  
PUFA c o n te n ts ',  p a r t i c u l a r l y  th o s e  ' c o n ta in in g
m e th y le n e - in te r r u p te d  d o u b le  b onds.
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total ANTIOXIDANT a c t iv it y  IN PLASMA
The f in d in g s  r e p o r te d  by B arb e r (1961) who s u g g e s te d  t h a t  
serum  has a  p o w e rfu l a n t io x id a n t  e f f e c t  prom pted o th e r s  
(V id la k o v a  j s t  a l .  ,1972 ) and co n firm ed  t h e i r  w o rk s . R e c e n tly  
Dormandy jgi. sJL  ( 1974) s u g g e s te d  t h a t  v a r i a t i o n s  in  serum  
a n t i o x id a n t  a c t i v i t y  (AOA) may have c o n s id e r a b le  c l i n i c a l  
r e l e v a n c e .  Based on th e s e  f in d in g s ,  S to c k s  ej^ A l  (1974) saw th e  
need  f o r ,  and c r e a te d ,  a  s ta n d a rd  b i o lo g i c a l  a n t i o x id a n t  a s s a y ,  
i . e .  an â u to x id iz in g  sy stem  a g a in s t  which th e  i n h i b i t o r y  e f f e c t  
o f  serum  and o f  o th e r  b i o lo g i c a l  f l u i d s  can be m easu red . F re sh  
o x - b r a in  hom ogenate p re p a re d  u nder s ta n d a rd  c o n d i t io n s  a t  4*^ C and 
s to r e d  a t  -20°C  h a s  been found to  a u to x id iz e  s p o n ta n e o u s ly  and 
r e p r o d u c ib ly  when r e h e a te d  to  37°C . In  t h i s  s tu d y  i t  was found 
t h a t  l i p i d  p e r o x id a t io n  was i n h i b i t e d  by DMD p lasm a  by a mean o f  
76% com pared w ith  63% f o r  norm al p lasm a (T a b le  1 7 ) . The 
d i f f e r e n c e s  betw een  EMD and norm al c o n t r o l s  a r e  h ig h ly  
s i g n i f i c a n t  (P < 0 .001 ; F ig . 5 5 ) . A lso t h e r e  was a s t r o n g  
p o s i t i v e  c o r r e l a t i o n  (P < 0 .05 ) be tw een  AOA and MDA (T a b le  18) in  
DMD b u t  n o t  c o n t r o l  p lasm a s u g g e s t in g  t h a t  in c r e a s e d  AOA a c t i v i t y  
may r e s u l t  from  in c r e a s e d  l i p i d  p e r o x id a t io n ,  i n  DMD.
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.( ALPHArJ’gCQPHEBPL} ANALYSIS
The p re s e n c e  o f  c i r c u l a t i n g  v i ta m in  E may h e lp  to  p r o t e c t  
th e  h e a r t  a g a in s t  h y p o x ic  traum a ( G u a rn ie r i  e t  a l . ,1 9 7 8 1 . But 
Ja c k so n  â i .  (1983 ) r e p o r t e d  t h a t  t h i s  do es  n o t  a p p e a r  to  be 
t r u e  f o r  e x e r c is e - in d u c e d  damage to  s k e l e t a l  m u sc le , s in c e  a d d in g  
a lp h a - to c o p h e ro l  to  th e  in c u b a t in g  medium d id  n o t  in f lu e n c e  th e  
r e l e a s e  o f  l a c t a t e  d eh y d ro g en ase  from  mouse s o le u s  m u sc le s  in  
v i t r o . P lasm a v i ta m in  E c o n c e n t r a t io n s  w ere r e p o r te d  to  be 
no rm al in  p a t i e n t s  w ith  DMD (Ja c k s o n , 1983, u n p u b lis h e d  
r e s u l t s ) .  However, s i g n i f i c a n t l y  d e c re a s e d  (P < 0 .0 0 2 ) 
a lp h a - to c o p h e ro l  c o n c e n t r a t io n s  w ere found i n  DMD p lasm a com pared 
w ith  norm al c o n t r o l s  in  t h i s  work ( F ig .  5 6 ) .  The d is c re p a n c y  in  
th e s e  f in d in g s  i s  d i f f i c u l t  to  e x p la in .  S in c e  c i r c u l a t i n g  
v i ta m in  E w i l l  p a r t i t i o n  w ith  th e  h y d ro p h o b ic  r e g io n  o f  th e  
membranes o f  t i s s u e s ,  t h i s  f in d in g  r a i s e s  th e  p o s s i b i l i t y  t h a t  
t i s s u e  (and  p a r t i c u l a r l y  m usc le ) v ita m in  E may a l s o  be red u c e d  in  
DMD. No s i g n i f i c a n t  c o r r e l a t i o n  was found be tw een  v i ta m in  E and 
AOA (P > 0 .0 5 ; T ab le  2 2 ) .  T h e re fo re , t h i s  s u g g e s t s  t h a t  th e  r o l e  
o f  v i ta m in  E as an a n t i o x id a n t  in  p lasm a i s  m in im a l. R ecen t work 
s u g g e s t  t h a t  th e  AOA o f  p lasm a l a r g e ly  d epends n o t  on v i ta m in  E 
(V id la k o v a  s L  a i . . , 1972) b u t  on a  p lasm a p r o t e i n  f r a c t i o n  
(G u t te r id g e  and S to c k s ,  1 9 8 1 ). The f in d in g  t h a t  p lasm a AOA i s  
d e s tro y e d  by h e a t in g  and i s  n o n - d ia ly s a b le  i n d i c a t e s  t h a t  i t  i s  
due to  p lasm a p r o t e i n s .  However, i t  i s  n o t  a  n o n - s p e c i f i c  
f u n c t io n  o f  p lasm a p r o t e i n s .  The two a n t i o x id a n t  p r o t e i n  
f r a c t i o n s  i s o l a t e d  from  p lasm a to g e th e r  co m p rise  a p p ro x im a te ly I
i
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and have b een  i d e n t i f i e d  a s  th e  b e ta - g lo b u l in ,  t r a n s f e r r i n  and 
th e  a lp h a ^ - g lo b u l in  c a e ru lo p la s m in  (G u t te r id g e  and S to c k s , 1981) 
( s e e  b e lo w ). F u r th e r ,  in  ag reem en t w ith  th e  f in d in g s  o f  t h i s  
work th e  e x p e rim e n ts  d e s c r ib e d  by S to c k s  ej^ a i. (1974) p ro v id e  
s t r o n g  e v id e n c e  t h a t  th e  c o n t r i b u t i o n  o f  v i ta m in  E to  th e  AOA o f  
no rm al a d u l t  human serum  i s  n e g l i g i b l e .  When t e s t e d  a g a in s t  
b r a in  hom ogenate w hole serum  i s  a p p ro x im a te ly  50 tim e s  more 
p o w e rfu l a s  an a u to x id a t io n  i n h i b i t o r  th a n  can  be a c c o u n te d  f o r  
by i t s  to c o p h e ro l  c o n te n t .  But c a e ru lo p la s m in  and t r a n s f e r r i n ,  
(A l-T im im i and Dormandy, 1977) i n h i b i t e d  o x - b r a in  hom ogenate 
l i p i d  p e r o x id a t io n  a t  c o n c e n t r a t io n  a t  w hich th e y  o c c u rs  in  
p la sm a .
S in c e  th e  r e q u ire m e n t  f o r  v i ta m in  E i n  a n im a ls  and man 
(C e n tu ry  a L . ,1961) h a s  been  r e l a t e d  to  th e  t o t a l  am ount and
c o m p o s itio n  o f  l i p i d ,  p a r t i c u l a r l y  to  PUFA, e i t h e r  in g e s te d  o r  
accu m u la te d  i n  t i s s u e s  o r  b o th ;  m easurem ent o f  v i ta m in  E 
c o n c e n t r a t io n s  a lo n e  may n o t  g iv e  co m p le te  in fo r m a t io n  r e g a r d in g  
i t s  r o l e  as  a  n a t u r a l l y  o c c u r r in g  a n t i o x id a n t .  In d e e d  many o th e r  
w o rk ers  have s u g g e s te d  t h a t  p lasm a v i ta m in  E (bound a lm o s t 
e x c lu s iv e ly  to  be t a - l i p o p r o t e i n ,  (D a v ie s  jafe. â l . .  »1969) ) l e v e l s  a r e  
s t r o n g ly  c o r r e l a t e d  w ith  t o t a l  p lasm a l i p i d  c o n c e n t r a t io n s  ( B i e r i  
and F a r r e l l ,  1976; F a r r e l l ,  1 9 8 0 ), and t h a t  s in c e  c o n c e n t r a t io n s  
o f  human p lasm a l i p i d  can  show marked v a r i a t i o n s .  B u rto n  jg i  
(1982) s u g g e s te d  t h a t  i n  o r d e r  to  com pare p lasm a v i ta m in  E 
l e v e l s ,  th e y  sh o u ld  be r e l a t e d  to  l i p i d  l e v e l s  in  p lasm a , a  p o in t  
w hich h a s  b een  em phasized  by o th e r s  ( B i e r i  and F a r r e l l ,  1976; 
F a r r e l l ,  1 9 8 0 ). T h is  was n o t  done in  th e  work d e s c r ib e d  h e r e  b u t
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sh o u ld  be c a r r i e d  o u t  b e fo re  a t te m p tin g  to  a s s ig n  p a th o lo g ic a l
s i g n i f i c a n c e  to  th e  red u ced  p lasm a v i ta m in  E i n  DMD p a t i e n t s .
P e r o x id a t io n  o f t i s s u e  l i p i d s  may be th e  p rim a ry  damage in  
v i ta m in  E - d e f ic ie n c y  which th e n  c a u se s  th e  sp ec tru m  o f  m e ta b o lic  
d e ran g em en ts  o b se rv e d  i n  v i ta m in  E -d e f ic ie n c y  d i s e a s e s .  T h is  
to p ic  h a s  been  rev ie w e d  by T appel (1 9 6 2 ) . Many o f  th e  v i ta m in
E -d e f ic ie n c y  symptoms se e n  in  e x p e r im e n ta l  a n im a ls  a r e  
h i s t o l o g i c a l l y  d e g e n e r a t iv e  and r e s u l t  i n  t i s s u e  w a s t in g .  
V itam in  E d e f i c ie n c y  i s  a  w e l l- r e c o g n iz e d  c a u se  o f  m yopathy in  
many an im al s p e c ie s  and has  b een  c la im e d  by some a u th o r s  to
p ro v id e  a  good m odel o f  th e  human m u sc u la r  d y s t r o p h ie s  (K a k u lu s , 
1969) b u t  th e  m echanism  o f  th e  damage i s  o b s c u re  ( J a c k s o n  e t
â i*  »1983). One o f  th e  p rim ary  f u n c t io n  o f  v i ta m in  E i s  to  
i n h i b i t  u n s a tu r a te d  l i p i d  p e r o x id a t io n  i n  th e  t i s s u e s  o f - a n im a ls ,  
membranes c o n ta in in g  th e  h ig h ly  u n s a tu r a te d  f a t t y  a c id s  b e in g  
p a r t i c u l a r l y  v u ln e r a b le  (T a p p e l, 1 9 6 2 ).
Heavy e x e r c i s e  may in d u c e  n e c r o t i c  m yopathy in  s k e l e t a l  
m usc le  (V ihko e t  a l . .1978) and i s  r e p o r te d  to  c a u se  i n c r e a s e d  
l i p i d  p e r o x id a t io n ,  b o th  in  a n im a ls  (Gee and T a p p e l, 1981) and  i n  
humans ( D i l l a r d  jg t a l .  ,1 9 7 8 ) , and a n im a ls  w ith  v i ta m in  
E - d e f ic ie n c y  ( J a c k s o n  e t  a l . .1 9 8 3 ) .
I t  was s u g g e s te d  t h a t  in  n u t r i t i o n a l  m u sc u la r  d y s tro p h y  
th e  f i r s t  consequence  o f  v ita m in  E - d e f ic ie n c y  may be f r e e - r a d i c a l  
damage to  c e l l  m em branes, in c lu d in g  th o s e  o f  ly sosom es (Z a lk in  
and T a p p e l, 1 9 5 9 ) . Both m ito c h o n d r ia  and m icrosom es a l s o  showed
....
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e v id e n c e  o f  l i p i d  p e r o x id a t io n  (T ap p el and Z a lk in ,  1 9 6 2 ). L ip id  
p e r o x id a t io n  r e s u l t s  i n  f r a g i l i t y  and r u p tu r e  o f  ly sosom es w ith  
th e  r e l e a s e  o f  c a ta b o l i c  enzymes (T a p p e l, 1 9 6 2 ). In d e e d , th e
ly so so m a l enzymes ( b e ta - g lu c o r o n id a s e ,  b e ta - g a l a c to s i d a s e ,  
c a th e p s in ,  a r y l  s u l f a t a s e ,  a c id  p h o s p h a ta s e , and a c id  
r ib o n u c le a s e )  i n  l e g  m usc le  o f v ita m in  E - d e f i c i e n t  r a b b i t  w ere 
in c r e a s e d  b e fo r e  th e  h i s t o p a th o l o g ic a l  s ig n s  o f  m u sc u la r
d y s tro p h y  ( Z a lk in  e t  a l . .1 9 6 2 ) . C e ll  d e a th  may be cau sed  by th e
c a ta b o l i c  a c t i o n  o f  enzymes r e l e a s e s  from  r u p tu r e d  ly sosom es and
from  e f f e c t s  o f  g e n e r a l i z e d  membrane dam age. I t  i s  now w e ll  
docum ented t h a t  l o s s  o f  p r o te in s  from  human d y s tr o p h ic  m usc le  
r e s u l t s  p r im a r i ly  from  an  in c r e a s e d  r a t e  o f  p r o t e i n  c a ta b o lis m  
(M cKeran, 1977) by b o th  ly so so m al and n o n -ly so so m a l enzymes ( e .g  
p r o te i n a s e s )  (P e n n in g to n , 1977; Kar and P e a rs o n , 1 9 8 0 ). A 
m a jo r i ty  o f  th e s e  p r o te in a s e s  have been  found  to  be in c r e a s e d  i n  
human m u sc u la r  d y s tro p h y  and o th e r  d is e a s e d  m u sc le s  (K ar and 
P e a rs o n , 1 9 8 0 ). I n v a s io n  o f  in ju r e d  t i s s u e  by m acrophages and 
p h a g o c y tic  l e u k o c y te s  i s  known to  o c c u r  f o l lo w in g  many c a u se s  o f  
c e l l  i n j u r y .
M acrophages a r e  p a r t i c u l a r l y  r i c h  s o u rc e s  o f  ly so so m a l 
enzym es and t h e i r  p re s e n c e  may be s u f f i c i e n t  to  a c c o u n t f o r  th e  
in c r e a s e d  t o t a l  a c t i v i t y  o f  th e s e  a c id  h y d r o la s e s  (T a p p e l, 1962) 
i n  d y s tr o p h ic  m u sc le . P h a g o c y tic  c e l l s  e n te r in g  r e g io n s  o f  l i p i d  
p e r o x id a t io n  in  t i s s u e  would p ro b a b ly  be damaged and undergo  
r u p tu r e  and f u r t h e r  c o n t r ib u te  to  th e  r e l e a s e  o f  c a t a b o l i c  
enzym es. O v e r a l l  e f f e c t s  o f  such  e v e n ts  would a p p e a r  
h i s t o l o g i c a l l y  as n e c r o s i s  and d e g e n e ra t io n , and b io c h e m ic a lly  as
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in c r e a s e d  tu rn o v e r ,  c a ta b o l is m , and u r in a r y  e x c r e t i o n  o f  t i s s u e  
c o n s t i t u e n t s .  T appel» s  r e s u l t s  show ing in v o lv e m e n t o f  ly so so m a l 
enzym es in  m u scu la r d y s tro p h y  c o n s t i t u t e  th e  f i r s t  in s t a n c e  in  
v i ta m in  E r e s e a r c h  w here i t s  c h em ica l f u n c t io n  h as  been  r e l a t e d  
t o  th e  g r o s s  p a th o lo g y  w hich o c c u rs  i n  th e  d e f i c ie n c y  s t a t e .
However, i n  t h i s  w ork, th e  ab n o rm al v i ta m in  E 
c o n c e n t r a t io n  found  i n  DMD p lasm a i s  n o t  s i g n i f i c a n t l y  c o r r e l a t e d  
w ith  th e  in c r e a s e d  l e v e l s  o f  p lasm a l i p i d  p e r o x id a t io n  p r o d u c ts .  
These r e s u l t s  t h e r e f o r e  te n d  to  s u g g e s t  t h a t ,  a lth o u g h  th e  
e v id e n c e  f o r  a  r e d u c t io n  in  v i ta m in  E c o n c e n t r a t io n  in  DMD 
com pared w ith  norm al c o n t r o l  p lasm a i s  s t r o n g ,  i t  c a n n o t be 
assum ed t h a t  low v ita m in  E i s  th e  o n ly , o r  even  th e  m ain , c a u se  
o f  in c r e a s e d  l i p i d  p e r o x id a t io n  p ro d u c ts  in  DMD b lo o d  p la sm a , 
w h a te v e r  t h e i r  s o u rc e .  I t  i s  o f  i n t e r e s t  t h a t  no s i g n i f i c a n t  
d i f f e r e n c e  was o b se rv e d  b e tw een  v i ta m in  E c o n c e n t r a t io n  in  a d u l t s  
and c h i l d r e n  . - (T a b le — 21 -and F ig ,  - 5 6 ) .-  The r e a s o n  f o r  t h i s  
f in d in g  i s  l i k e l y  to  be t h a t  th e  sam p les w ere  n o t  from  i n f a n t s  
( t h e  minimum age f o r  th e  c h i ld  g roup  was 9 y e a r s )  who a r e  c la im ed  
to  have  a  lo w er v i ta m in  E c o n c e n t r a t io n  th a n  no rm al a d u l t s  ( B i e r i  
ê i  a l # ,1 9 8 3 ) . I t  has a l s o  been  e s ta b l i s h e d  f o r  s e v e r a l  y e a rs  
t h a t  RBC o f  i n f a n t s  show g r e a t l y  in c r e a s e d  s u s c e p t i b i l i t y  to  
h a e m o ly s is  w ith  HgO^ com pared to  RBC o f  a d u l t s  (R ose and G yorgy,
1 9 5 1 ). The in c r e a s e d  h a e m o ly s is  can  be red u c e d  to  norm al a d u l t  
l e v e l s  by g iv in g  su p p le m e n ts  o f  v i ta m in  E (G ordon and de M etry ,
1952) .
;  ± .  _  -Y_x- -■
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S l a t e r  (197 9) o u t l i n e d  some o f  th e  c r i t i c a l  a n t i o x id a n t  
p r o t e c t i v e  m echanism s w hich a r e  o p e r a t iv e  a t  th e  c e l l u l a r  and |
s u b c e l l u l a r  l e v e l  and th e s e  have a l s o  been  rev iew ed  e x te n s iv e ly  
i n  th e  I n t r o d u c t i o n .  I f  one lo o k s  a t  o rg an ism s a s  a  w h o le , in  !
p a r t i c u l a r  a t  hum ans, t h e r e  a r e  o th e r  t i e r s  o f  p r o t e c t i o n .  Human |
b lo o d  serum  h a s  b een  shown to  be an e x c e e d in g ly  p o w e rfu l |
a n t io x id a n t  (B a rb e r , 1961; V id lak o v a  jgi. âl.» 1 9 7 2 ), and i t  was j
soon  e s ta b l i s h e d  t h a t  t h i s  p r o p e r ty  i s  u n r e la te d  to  i t s  v i ta m in  E |■i
c o n te n t .  Dormandy and cow orkers have shown t h a t  serum  i1a n t io x id a n t  a c t i v i t y  i s  th e  f u n c t io n  o f  two w e l l  d e f in e d  p lasm a 3
j
p r o t e i n s .  One i s  th e  i r o n - f r e e  f r a c t i o n  o f  t r a n s f e r r i n ;  th e  j
I Io t h e r ,  th e  b lu e  c o p p e r  p r o t e i n ,  c a e r u lo p la s m in —(S to c k s  " |
a i . .  ,1 9 7 4 a ,b ) . These two p r o te i n s  w ere im m unoassayed in  t h i s  |
w ork . In  DMD p lasm a . w here c a e ru lo p la s m in  l e v e l s  w ere  r a i s e d  |
i
( F ig s .  5 8 -59 ; T ab le  2 3 , P< 0.001) t h e r e  was a l s o  a s i g n i f i c a n t  'I"i
c o r r e l a t i o n  be tw een  DMD p lasm a c a e ru lo p la s m in  and DMD p lasm a AOA I
1
(P < 0 .0 5 ; T ab le  2 3 ) .  A s i g n i f i c a n t  c o r r e l a t i o n  betw een  DMD |
1c a e ru lo p la s m in  and MDA w ere a l s o  found w hich c o n firm s  th e  iIc o r r e l a t i o n  betw een  AOA and MDA (T a b le  2 4 ) .  |
IÎ
iThe h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  be tw een  DMD p lasm a i
•Ic a e ru lo p la s m in  and p lasm a AOA (T a b le  24) s u p p o r t s  th e  s u g g e s t io n  |
t h a t  t h i s  c u p ro p r o te in  i s  th e  dom inan t v a r i a b l e  g o v e rn in g  p lasm a i
AOA ( G u t te r id g e  and S to c k s ,  1 9 8 1 ). However, i t  i s  p e rh a p s  |
Îs u r p r i s i n g  t h a t  no s i g n i f i c a n t  c o r r e l a t i o n  was found betw een  !
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caeruloplasmin and AOA in  normal plasma.
T r a n s f e r r i n ,  on th e  o th e r  h an d , was unchanged from  norm al
in  DMD plasm a ( F ig s .  6 2 -63 ) and d id  n o t  s i g n i f i c a n t l y  c o r r e l a t e
w ith  p lasm a AOA (T a b le  2 8 ) .  However, s in c e  th e  AOA o f
t r a n s f e r r i n  i s  a  f u n c t io n  o f  i t s  a b i l i t y  to  b in d  i r o n ,  i t  m igh t
be e x p e c te d  t h a t  a v a i l a b l e  i r o n  b in d in g  c a p a c i ty  would be m ore
r e p r e s e n t a t i v e  o f  AOA th a n  i t s  a b s o lu te  c o n c e n t r a t io n .
U n f o r tu n a te ly  th e  a v a i l a b l e  i r o n  b in d in g  c a p a c i ty  was n o t
m easu red  i n  t h i s  s tu d y .  I t  i s  p o s s ib l e  t h a t  th e s e  m arked
in c r e a s e s  i n  DMD may be a  con seq u en ce  o f  m uscle  damage and
2+n e c r o s i s  and p o s s ib ly  o f  th e  r e a l e s e  o f  Fe ffom  i n t r a c e l l u l a r  
s t o r e s .
I t  h a s  been  s u g g e s te d  t h a t  c a e ru lo p la s m in  may be an
a n t i o x id a n t  enzym e, b e c a u se  c a e ru lo p la s m in  p r o t e c t s  t i s s u e
hom ogenates (A l-T im im i and Dormandy, 1 9 7 7 ), p h o s p h o lip id  
membranes ( G u t te r id g e ,  1 9 7 7 ), o x - b r a in  p h o s p h o lip id  lip o so m e s
(G u t te r id g e  je t  a l . ,1 9 8 0 ) , DNA ( G u t te r id g e ,  1 9 7 8 ), d e o x y rib o s e  
( G u t te r id g e ,  1982) and  RBC membranes (L o v s ta d , 1981) from  l i p i d  
p e r o x id a t io n  damage in d u ce d  by in o rg a n ic  i r o n  o r  by a s c o r b ic  
a c id .
However th e  m echanism  o f  th e  a n t i o x id a n t  e f f e c t  o f
c a e ru lo p la s m in  ('has n o t  been  c l a r i f i e d  i n  com plex sy stem s su ch  as 
a r e  found i n  v i v o , and i t s  a n t io x id a n t  e f f e c t  may depend on
f e r r o x id a s e  a c t i v i t y  (O sak i e i . â i » ,1 9 6 6 ) ,  a s c o r b a te  o x id a s e  IÏ
a c t i v i t y  (O sa k i e t  âJL. ,1964) and 0“ °  s c a v e n g in g  a c t i v i t y  j
' ■ • - V
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( G o ld s te in  n t  si.» 11 9 7 9 ). More r e c e n t l y ,  c a e ru lo p la s m in  h as  a l s o  
been  found to  p r o t e c t  l i p i d s  and RBC membranes from  
c o p p e r - s t im u la te d  l i p i d  p e r o x id a t io n  damage ( G u t te r id g e  e t  
n l . ,1980; L o v s ta d , 1 9 8 2 ), s u p p o r t in g  an a n t io x id a n t  f u n c t io n  
o th e r  th a n  t h a t  o f  i t s  f e r r o x id a s e  a c t i v i t y .  G u t te r id g e  and
S to c k s  ( 1981) h av e  p o in te d  o u t  t h a t  f e r r o x id a s e  a c t i v i t y  may n o t  
be th e  m ajor b i o l o g i c a l  r o l e  o f  c a e ru lo p la s m in  b u t ,  n e v e r t h e l e s s ,  
an in e s c a p a b le  o n e . I n  t h i s  r e s p e c t  an a n a lo g y  can  be made w ith  
th e  m u l t i f u n c t io n a l  p r o t e i n  h aem og lob in . The r o l e  o f  haem oglob in  
i s  d ioxygen  t r a n s p o r t ,  w h i l s t  t h a t  o f  c a e ru lo p la s m in  i s  i r o n  
m o b i l iz a t io n ,  and p o s s ib ly  co p p e r d o n a tio n . H aem oglobin h a s  
enzym ic p e ro x id a s e  a c t i v i t y  and c a e ru lo p la s m in  o x id a s e  a c t i v i t y  -  
b o th  a r e  u s e f u l  m ark e rs  f o r  t h e i r  d e te c t io n  b u t  w ith o u t  a p p a re n t  
b i o lo g i c a l  f u n c t io n  ( G u t te r id g e  and S to c k s , 1 9 8 1 ). F i n a l l y ,  
haem oglob in  a c t s  a s  an im p o r ta n t  i n t r a c e l l u l a r  b lo o d  b u f f e r
r e g u l a t i n g  h y d ro x y l and h y d rogen  io n  l e v e l s .  C a e ru lo p la sm in  may 
be s a id  to  a c t  a s  an  e x t r a c e l l u l a r  " a n t io x id a n t  b u f f e r "  a g a in s t  
fo rm a tio n  o f  dam aging h y d ro x y l r a d i c a l s . '
No s i g n i f i c a n t  d i f f e r e n c e  was found  in  t h i s  s tu d y  be tw een  
c a e ru lo p la s m in  c o n c e n t r a t io n  i n  a d u l t s  (7 5 .3 7 ± 1 3 .4 9  I . U . / l i t r e )  
and c h i ld r e n  (7 9 .1 2 + 1 1 .9 0  I . U . / l i t r e )  (T a b le  23 and F ig s .  
5 8 -5 9 ) , c o n s i s t e n t  w ith  th e  f in d in g  t h a t  th e  l e v e l  o f
c a e ru lo p la s m in  i n  c h i l d r e n  (4 7 .9 9 -9 5 .9 9  I . U . / l i t r e )  i s  in  th e  
a d u l t  (n o n -p re g n a n t)  ra n g e  (6 3 .9 9 -1 4 3 .9 9  I . U . / l i t r e )  (E astham ,
1978) .  In  a d d i t io n ,  b i r t h  c a e ru lo p la s m in  l e v e l s ,  when m easured  
by im m unochem ical t e c h n iq u e s , ' a r e  a p p ro x im a te ly  th e  same a s  found 
i n  a d u l t s  (M ancin i . a l  a l . ,1 9 5 6 ; N a te ls o n , I 98O ). However, th e
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c o n c e n t r a t io n  ( i n  i n f a n t s )  i s  much low er when m easured  by o x id a s e  
a c t i v i t y ,  a  mean v a lu e  o f  2 1 .2 9  I .Ü . / 1  b e in g  r e p o r t e d  (S c h e in b e rg  
fiJtt â i . .  | 1 9 5 8 ). By th e  age o f  two y e a rs  c a e ru lo p la s m in  l e v e l s  r i s e  
to  some w hat above no rm al a d u l t  l e v e l s  (a p p ro x . 139 .17  
I , Ü /l i t r e )  and th e n  d ro p  g r a d u a l ly  f o r  s e v e r a l  y e a rs  t h e r e a f t e r  
u n t i l  th e y  re a c h  a d u l t  l e v e l s  , d ep en d in g  upon th e  d i e t .  Normal 
p lasm a  a l s o  c o n ta in e d  some a p o c a e ru lo p la sm in  (a p p ro x , 10 .80
I .  U / l i t r e )  w hich can  be m easured  by rad io im m unoassay  (RIA) 
(M atsuda &L &L. ,1 9 7 4 ) .
J
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AN OVERVIEW
I n v e s t i g a t o r s  i n t o  IWD have been  ham pered by th e  
d i f f i c u l t y  o f  o b ta in in g  a  u n ifo rm  sam ple o f s k e l e t a l  m u sc le  
p lasm a membrane b e c a u se  i t  c o n s t i t u t e s  o n ly  a v e ry  s m a ll  p o r t i o n  
o f  th e  membranes o f  th e  m usc le  c e l l  and th e  "m u sc le” b io p s i e s  
th em se lv e  te n d  to  be h e te ro g e n e o u s , due to  th e  i n f i l t r a t i o n  o f  
f a t  and c o n n e c t iv e  t i s s u e .
In  t h i s  s tu d y ,  CSFs in  c u l t u r e  w ere used  on th e  a ssu m p tio n  
t h a t  th e y  would s h a re  th e  d e f e c t iv e  g e n e . U n f o r tu n a te ly ,
th e  r e s u l t s  o b ta in e d  from  t h i s  s tu d y  o f  CSFs a r e  in c o m p le te  due 
to  th e  s m a ll  num ber o f  CSF l i n e s  a v a i l a b l e  f o r  e x p e r im e n ta t io n . 
I n  th e  d i s c u s s io n  t h a t  fo llo w s  I  s h a l l  i n t e g r a t e  and sum m arize 
th e s e  f in d in g s  i n  o r d e r  to  s u p p o r t  th e  id e a  t h a t  l i p i d  
p e r o x id a t io n  may be in v o lv e d  i n  DMD, and to  d i s c u s s  th e  q u e s t io n  
o f  w h e th er th e  ch an g es o b se rv e d  i n  DMD CSFs a r e  c a u se  o r  e f f e c t  
o f  m uscle  dam age, I  s h a l l  a l s o  i n d i c a t e  th e  d i r e c t i o n s  in  w hich 
I  c o n s id e r  f u r t h e r  i n v e s t i g a t i o n  c o u ld  be m ost u s e f u l ly  made.
In  th e  DMD CSFs, as found  f o r  o th e r  t i s s u e s ,  such  a s  RBC 
and m u sc le , in c r e a s e d  l i p i d  p e r o x id a t io n  was d e m o n s tra b le . The 
p re s e n c e  o f  some MDA i n  CSFs i s  n o t  u n ex p ec ted  s in c e ,  l i k e  o th e r  
t i s s u e s ,  some l i p i d  p e r o x id a t io n  o c c u rs  as a  consequence  o f  
norm al o x id a t iv e  m e ta b o lism . What i s  p e rh a p s  u n u su a l i s  t h a t  MDA 
i s  o n ly  m ea su rab le  in  c o n f lu e n t  c u l t u r e s  o f  CSFs som etim e a f t e r  
c o n flu e n c y  i s  a c h ie v e d . However th e  r e a s o n  f o r  t h i s  f in d in g  may 
be c lo s e ly  r e l a t e d  w ith  th e  c e l l s '  a g in g  p r o c e s s .
T h is s tu d y  d id  show t h a t  th e  two DMD CSF l i n e s
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c o n s i s t e n t l y  p roduced  g r e a t e r  am ounts o f  MDA w ith  tim e  u n d er 
d i f f e r e n t  e x p e r im e n ta l  c o n d i t io n  v i z ,  in  washed and unwashed 
c u l t u r e s  and i n  c u l t u r e s  c h a lle n g e d  w ith  a r a c h id o n ic  a c id .  U sing 
th e  MDA a s s a y  te c h n iq u e  d e s c r ib e d ,  MDA was u s u a l ly  u n d e te c ta b le  
i n  any o f  th e  l i n e s  a t  z e ro  tim e  w ith  th e  e x c e p t io n  o f  washed DMD 
CSFs in c u b a te d  w ith  2 0 :4  (F ig  2 4 ) ,  These f in d in g s  c o n s t i t u t e  
im p o r ta n t  e v id e n c e  s u p p o r t in g  th e  n o t io n  t h a t  DMD c e l l s  a r e  more 
p ro n e  to  l i p i d  p e r o x id a t io n  th a n  norm al c o n t r o l s ,  a lth o u g h  t h i s  
may o n ly  be a p p a re n t  when th e y  a r e  u n d e r s t r e s s  o f  some k in d . 
These f in d in g s  f o r  w hole CSF c u l t u r e s  w ere n o t  co n firm ed  on 
e x a m in a tio n  o f  th e  i s o l a t e d  washed p a r t i c u l a t e  f r a c t i o n  (F ig  
25-26  and T ab le  9) a lth o u g h  s i g n i f i c a n t l y  in c r e a s e d  l i p i d  
p e r o x id a t io n  was e v id e n t  in  w hole CSF hom ogenates from  IMD CSFs 
(F ig  27-32 and T ab le  10) w hich s u g g e s t  t h a t  p a r t i c u l a t e  l i p i d  
p e r o x id a t io n  may n o t  be e n t i r e l y  a  m em brane-dependen t p ro c e s s  b u t 
a l s o  in v o lv e s  c y to p la s m ic  com ponents.
I t  was s u r p r i s i n g  i n  th e  l i g h t  o f  th e s e  f in d in g s  to  
d i s c o v e r  a  h ig h e r  a c t i v i t y  o f  G SH -dependent a n t io x id a n t  
p r o t e i n ( s )  i n  CSF c y to s o l  from  DMD l i n e s  com pared w ith  norm al 
c o n t r o l s  (F ig  39 -44  and T ab le  1 2 ) . T h is  may be an a d a p tiv e  
re s p o n s e  by DMD CSFs to  an in c r e a s e d  p e r o x id a t io n  c h a l le n g e .  As 
was s u g g e s te d  f o r  th e  in c r e a s e d  CAT and GSHR a c t i v i t y  s e e n  in  DMD 
m uscle  (K ar and P e a rs o n , 1 9 7 9 ).
S e v e ra l  o th e r  a b n o rm a l i t i e s  have  a l s o  been  d e s c r ib e d  in  
CSFs from  p a t i e n t s  w ith  DMD b u t  th e y  a l l  rem a in  as  y e t  
u n s u b s ta n t ia te d  by o th e r  l a b o r a t o r i e s .  These in c lu d e  r e p o r t s  o f 
changes i n  a d h e s iv e  p r o p e r t i e s  (Jo n e s  and W itkow ski, 
1 9 7 9 ,1 9 8 1 ,1 9 8 3 ) , o f  a l t e r a t i o n s  i n  i o d in a t i o n  o f  c e l l  s u r f a c e
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p r o t e i n s  (B u rg h es  &1. ,1 9 8 2 ) ,  o f  ch an g es  i n  th e  b i o s y n t h e s i s  o f  
c o l l a g e n  and n o n - c o l la g e n  p r o t e i n s ,  b o th  in  w hole CSFs ( lo n a s e s c u  
fijfe. âl.» ,1 9 7 7 ; l o n a s e s c u  and lo n a s e s c u ,  1982) and  u s in g  a  c e l l - f r e e  
po lysom e sy s te m  (B o u le  e i.  a ^ .  ,1 9 7 9 ) ,  and o f  s t r u c t u r a l  l e s i o n s  in  
ly so so m e s  (G elm an a l » ,1 9 8 1 ) .  The c e l l  s u r f a c e  a b n o rm a li ty
r e s u l t i n g  i n  a f f e c t e d  i n t r a c e l l u l a r  a d h e s iv e n e s s  c o u ld  be r e l a t e d  
to  i n c r e a s e d  l i p i d  p e r o x i d a t i o n .  R e c e n tly ,  Ja co b  a i .  a l .  (1 9 8 0 ) 
r e p o r t e d  t h a t  t h e  a b n o r m a l i t i e s  o f  a g g r e g a t io n  and a d h e s iv e n e s s  
fo u n d  i n  l e u c o c y te s  a p p e a r  to  be m e d ia te d  by oxygen f r e e  r a d i c a l s  
and  in c r e a s e d  T B A -re a c tiv e  m a t e r i a l s .
I f  t h e s e  r e s u l t s  f o r  CSFs a r e  s u b s t a n t i a t e d  by f u t u r e  work 
u s in g  many m ore CSF l i n e s  t h i s  w o u ld , in d e e d ,  p r o v id e  s t r o n g  
e v id e n c e  to  s u g g e s t  t h a t  i n c r e a s e d  s u s c e p t i b i l i t y  to  l i p i d  
p e r o x i d a t i o n  m ig h t be c l o s e l y  l in k e d  th e  p r im a ry  d e f e c t  i n  DMD a s  
w e l l  a s  p r o v id in g  f u r t h e r  s u p p o r t  f o r  th e  n o t io n  o f  a  g e n e r a l i z e d  
membrane d e f e c t  i n  th e  d i s e a s e .  The p re s e n c e  o f  i d e n t i c a l  
m em branous w h o r l s ,  m i to c h o n d r ia l s  r e m n a n ts , and i n c l u s i o n  b o d ie s  
u l t r a s t r u c t u r a l l y  i n  p r o g r e s s iv e  ' n e u ro m u s c u la r  d i s e a s e  
(G uggenheim  &L a l # , 1982) and  i n  v i ta m in  E - d e f i c i e n t  a n im a ls  
s u g g e s t  t h a t  th e  p a th o g e n e s is  o f  th e  m u sc le  damage i s  r e l a t e d  
p r i m a r i l y  to  l i p i d  p e r o x i d a t i o n  o f  m u sc le  m em branes (W est, 1963; 
Hawes a l . .  1964: H adlow , 1973) and  s u p p o r t s  t h e  above
h y p o t h e s i s .
The im p o r ta n t  f in d i n g s  o f  th e  s t u d i e s  on DMD p la sm a  a r e :  
( i )  i n c r e a s e d  l i p i d  p e r o x i d a t i o n  p r o d u c ts  (MDA,CD and FP) ( F ig  
45 -47  and T a b le  1 3 ) ;  ( i i )  d e c re a s e d  v i ta m in  E ( F ig  56 and T a b le  
2 0 ) ;  ( i i i )  i n c r e a s e d  c a e r u lo p la s m in  (F ig  5 8 - 5 9 ) .  A p o s s i b l e  
i n t e r p r e t a t i o n  o f  t h e s e  f in d i n g s  i s  t h a t  re d u c e d  v i ta m in  E a n d /o r
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o t h e r  f a c t o r s  l e a d  t o  i n c r e a s e d  m usc le  l i p i d  p e r o x i d a t i o n .  The
p rod u cts o f  t h i s  p e r o x id a tio n  damage (MDA, l ip o p e r o x id e s
th e m s e lv e s ? )  t h e n  e sca p e  i n t o  t h e  b lood  s t r e a m  where t h e i r
2+p r e s e n c e  o r  t h a t  o f  Fe from damaged m usc le  t i s s u e  in d u c e s  th e  
s y n t h e s i s '  o f  c a e r u lo p l a s m i n .  I t  i s  c e r t a i n l y  p o s s i b l e  t h a t  t h e  
p r e s e n c e  o f  l i p i d  p e r o x i d a t i o n  p r o d u c t s  i n  t h e  c i r c u l a t i o n  m ig h t  
c a u s e  damage t o  o t h e r  t i s s u e s  and p e rh a p s  g iv e  r i s e  t o  o t h e r  
"membrane d e f e c t s ” . The s u g g e s t i o n  was a l r e a d y  been  made t h a t  a  
c i r c u l a t i n g  f a c t o r  from DMD p a t i e n t s  may be r e s p o n s i b l e  f o r  some 
RBC c hanges  (L loyd  and Emery, 198 1 ) .  Could t h i s  f a c t o r  be l i p i d  
p e r o x i d a t i o n  p ro d u c ts ?
An a l t e r n a t i v e  and e q u a l l y  p l a u s i b l e  e x p l a n a t i o n  o f  t h e  
p lasm a f i n d i n g s  m ig h t  be t h a t  an i n i t i a l  e v e n t ,  u n r e l a t e d  to
I l i p i d  p e r o x i d a t i o n ,  c a u s e s  membrane damage and a l lo w s  i n f l u x  o f
! 2 +I Ca which s e t s  i n  t r a i n  t h e  seq u en ce  of. damaging r e a c t i o n s  which
Î l e a d  t o  m u sc le  n e c r o s i s .  P e rh ap s  as a  consequence  o f  t i s s u e
I1 ' damage ( s e e  H a l l i w e l l  and G u t t e r i d g e ,  1984) ly so so m a l  and
I
i e x tr a - ly s o s o m a l enzymes bring  about d ecom p artm en ta lisa tion  o f  Fe
( r e le a s e  from Fe c o n ta in in g  p r o te in s  by p r o te a s e s )  and th a t  t h is  
th en  a c t s  as th e  tr ig g e r  fo r  l i p i d  p e r o x id a tio n . In o th er  words, 
th e  p o s s i b i l i t y  s t i l l  e x i s t s  th a t  l ip i d  p e r o x id a tio n , a lthou gh  a 
fa c t o r  in  th e  p a th o g e n e s is  o f  IMD may sim p ly  be a secon dary
' c o n seq u en ce  o f  m usc le  damage. Our s tu d y  n e v e r t h e l e s s  p r o v id e s
im p o r t a n t  a d d i t i o n a l  e v id e n c e  i n  s u p p o r t  o f  t h e  th e o r y  s u g g e s t i n g  
in v o lv e m e n t  o f  l i p i d  p e r o x i d a t i o n  v i a  a c t i v e  oxygen r a d i c a l  
s p e c i e s  i n  t h e  p a th o g e n e s i s  o f  m u sc u la r  d y s t r o p h i e s  (Omaye and 
T a p p e l ,  1974; Chau s i .  â l .  ,1975; F r a n c i s  S t  s i . .  ,1976; Pathode  e t  
j X. ,1976 ; Kar and P e a r s o n ,  1979; M ech le r  s i .  âX. ,1984) and
-A..'.: - ,.:îl
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p a r t i c u l a r l y  i n  DMD ( B u r r i  e t  s i .  ,1980; H un te r  e t  s l .  ,1981; 
M atkov ics  e t  a l . .1982 ; H u n te r  and Amin, 1983; Amin and H u n te r ,  
1 98 4 ) .
I n e v i t a b l y  t h e  r e s u l t s  p r e s e n te d  i n  t h i s  t h e s i s  pose  as 
many q u e s t i o n s  a s  th e y  answ er e s p e c i a l l y  i n  t h e  c a se  o f  CSFs 
where v e ry  l i m i t e d  numbers o f  CSFs l i n e s  w ere  u s e d .  I n  th e  
f o l l o w in g  f i n a l  s e c t i o n ,  I  o u t l i n e  th e  k in d s  o f  e x p e r im e n t  which 
m ig h t  f u r t h e r  e l u c i d a t e  t h e  p r e c i s e  r o l e  o f  l i p i d  p e r o x i d a t i o n  i n  
t h e  d e g r a d a t i o n  and damage o f  s k e l e t a l  m uscle  i n  DMD.
£u_ture i n v e s t i g a t i o n s
I t  i s  o b v io u s  i n  t h i s  work t h a t  MDA i s  d e t e c t a b l e  i n  
c o n f l u e n t  CSF c u l t u r e s .  However th e  c o n c e n t r a t i o n  i s  v e ry  s m a l l  
and th e  a s s a y  t e c h n iq u e  d e s c r ib e d  h e re  was g e n e r a l l y  n o t  
s e n s i t i v e  enough to  d e t e c t  t h e  endogenous l e v e l s  o f  MDA p r e s e n t  
i n  c u l t u r e s  a t  t h e  b e g in n in g  o f  th e  i n c u b a t i o n s .  I t  would 
c l e a r l y  be o f  v a lu e  t o  e s t a b l i s h e d  w h e th e r  t h e  b a s a l  
c o n c e n t r a t i o n  o f  MDA i n  u n s t r e s s e d  CSFs i s  h i g h e r  in  DMD l i n e s .  
A more s e n s i t i v e  te c h n iq u e  i s  needed t o  e v a l u a t e  w h e th e r  such  a  
s m a l l  change a c t u a l l y  o c c u r s  o r  n o t .  Such an app roach  i s  now 
p o s s i b l e  u s in g  t h e  f l u o r o m e t r i c  te c h n iq u e  ( t o  m easure  FP) which 
h a s  been  found t o  be c o n s i d e r a b l y  more s e n s i t i v e  th a n  TBA a s s a y .  
More i m p o r t a n t ly  FP i s  t h e  m ost s t a b l e  p e r o x i d a t i o n  p r o d u c t .
I t  would a l s o  be o f  i n t e r e s t  t o  d e te rm in e  w h e th e r  t h e  
endogenous c o n c e n t r a t i o n  o f  v i ta m in  E i s  d e c re a s e d  i n  DMD CSFs 
and w h e th e r  t h e  d i f f e r e n c e  i n  l i p i d  p e r o x i d a t i o n  s u s c e p t i b i l i t y  
c o u ld  be a b o l i s h e d  by s u p p ly  o f  s u i t a b l e  amounts o f
-  251 -
a n t io x id a n ts .  Such s tu d ie s  w ith  a n t io x id a n ts  m ight pave th e  way 
fo r  th e r a p e u tic  t r i a l s  o f  such compounds in  DMD.
T hat  a  GSH-dependent a n t i o x i d a n t  p r o t e i n  i s  s i g n i f i c a n t l y  
i n c r e a s e d  i n  DMD CSFs i s  an  i n t e r e s t i n g  f i n d i n g .  The i d e n t i t y  o f  
t h i s  p r o t e i n  was n o t  f u r t h e r  i n v e s t i g a t e d  i n  t h i s  work b u t  i t  i s  
u n l i k e l y  to  be any o f  t h e  a n t i o x i d a n t  enzymes i n v e s t i g a t e d  by 
H un te r  and Amin (1984) s i n c e  t h e r e  were found to  be n o rm a l .  I t  
would be f r u i t f u l  to  d e te r m in e  w h e th e r  t h i s  p r o t e i n  i s  
G S H - S - t r a n s f e ra s e  a s  s u g g e s te d  by Burk jgi. âX (1980) o r  GSHPx 
( C h r i s t o p h e r s e n ,  1969) o r  d i s t i n c t  from t h e s e  two enzymes ( U r s i n i  
eJt a i_ . , 1982; M a r io r in o  aX- ,1 9 8 2 ) .  I f  t h e  i n c r e a s e d
p e r o x i d a t i o n  p o t e n t i a l  o f  CSFs i s  con firm ed  i t  would be im p o r t a n t  
t o  a t t e m p t  t o  d e m o n s t ra te  t h e  same phenomenon i n  c u l t u r e d  m usc le  
c e l l s .
R eg a rd in g  th e  p lasm a s t u d i e s  o f  l i p i d  •p e r o x i d a t i o n  
p r o d u c t s ,  t o  i n t e r p r e t  t h e  p ro b a b le  s i g n i f i c a n c e  o f  t h e s e  
r e s u l t s ,  i t  w i l l  c l e a r l y  be n e c e s s a r y  t o  e s t a b l i s h  t h e i r  o r i g i n  
more p r e c i s e l y  and t o  r e l a t e  d i f f e r e n t  p a t t e r n s  o f  p e r o x i d a t i o n  
p r o d u c t s  (CD,MDA and FP) t o  th e  a s s o c i a t e d  o r  u n d e r ly in g  
p a t h o l o g i c a l  p r o c e s s  i n  W4D m usc le  o r  may be o t h e r  s i t e s .  
O b v io u s ly  t h e  s i t u a t i o n  i s  c o m p l ic a te d  and m e r i t s  a  more d e t a i l e d  
i n v e s t i g a t i o n ,  e s p e c i a l l y  one w hich d i r e c t l y  i n v o l v e s  t h e  u s e  o f  
b o th  DMD and norm al m usc le  w hich  i s  e x t r e m e ly  d i f f i c u l t  t o  
o b t a i n .  B io p s ie s  a r e  n o t  t a k e n  v e ry  f r e q u e n t l y .  They a r e  
u n p l e a s a n t  f o r  a l r e a d y  d i s t r e s s e d  p a t i e n t s  and t h e  p h y s i c i a n s  
t h e r e f o r e  o f t e n  do n o t  f e e l  t h a t  th ey  can  t a k e  them v e ry  o f t e n ,  
w i t h o u t  e x t r e m e ly  good j u s t i f i c a t i o n .  M oreover, i t  i s  a l s o  
d i f f i c u l t  t o  o b t a i n  m usc le  b i o p s i e s  f o r  norm al c o n t r o l s .  Thus i f
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t h e  p lasm a and C SF 's  c o n t in u e  t o  be u s e f u l ,  i t  w i l l  be v e ry  
h e l p f u l  to  t h e  W iole f i e l d  o f  i n v e s t i g a t i o n .
F u r th e rm o re  t h e  s t u d i e s  o f  v i ta m in  E, c a e r u lo p la s m in  and 
t r a n s f e r r i n  a r e  in c o m p le t e  w i th o u t  m easurem ent t o g e t h e r  w i th  
p lasm a l i p i d s ,  f e r r o x i d a s e  a c t i v i t y  and i r o n  b in d in g  c a p a c i t y  
r e s p e c t i v e l y ,  which rem a in  f o r  f u t u r e  e l u c i d a t i o n .
The p o s s i b i l i t y  t h a t  dam aging, f r e e  Fe^* c o u ld  be r e l e a s e d  
from damaged m usc le  a s  w e l l  as from t h e  p lasm a i t s e l f  ( a s  a  
r e s u l t  o f  p r o t e i n  damage i n  DMD p lasm a?)  i s  a n o th e r  im p o r ta n t  
a r e a  t o  s t u d y .  A v i t a l  s e t  o f  e x p e r im e n ts  which s h o u ld  be 
c a r r i e d  o u t  i s  t h e  m o n i to r in g  o f  t h e  plasm a p a ra m e te r s  p r e s e n t e d  
h e r e  i n  o t h e r  m y o p a th ie s ,  and p a r t i c u l a r l y  t h e  o t h e r  m u sc u la r  
d y s t r o p h i e s .  T h is  would go a  lo n g  way to w ard s  a n sw e rin g  th e  
q u e s t i o n  as  t o  w h e th e r  t h e  changes r e p o r t e d  h e r e  a r e  s im p ly  a 
consequence  o f  n o n - s p e c i f i c  m usc le  damage and n e c r o s i s  o r  a r e  a  
s p e c i f i c  f e a t u r e  o f  DMD.
"ne
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